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This  preliminary  edition  has  been  prepared  as  a special 
service  to  teachers  who  are  using  Experimenting  in  Science. 
As  the  final  edition  is  prepared,  further  improvements  will 
he  made,  errors  or  inconsistencies  that  may  occur  in  this 
edition  will  he  corrected,  and  illustrations  will  he  added. 
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FOREWORD 


SCIENCE  TODAY  AND  TOMORROW 

During  the  last  twenty-five  years,  science  has  grown  steadily  in  the 
elementary  schools  of  the  United  States,  Canada,  and  various  countries  of 
Europe,  Asia,  and  Africa.  This  is  no  ordinary  event,  for  new  areas  are  not 
easily  established  in  the  elementary  school  owing  to  the  tremendous  pressure 
of  various  groups  to  gain  the  attention  of  children. 

Science  in  the  elementary  school  has  to  a large  extent  been  developed 
by  classroom  teachers.  They  have  experimented  with  new  activities,  new 
content,  and  new  methods.  Many  of  them  have  constructed  curriculum  mate- 
rials and  developed  reading  materials  in  science  for  the  elementary  school. 

As  a result  of  this  work,  instruction  in  science  in  the  elementary  school  is 
uniquely  designed  for  use  by  classroom  teachers. 

The  new  elementary  school  program  with  its  emphasis  on  science  is 
a feasible  program  because  it  recognizes  that  the  classroom  teacher  has 
many  professional  tasks;  teaching  science  is  but  one  of  them.  The  teacher 
is  a specialist  in  the  education  of  children  and  not  necessarily  a specialist 
in  science.  There  is  no  need  for  classroom  teachers  to  feel  any  responsibility 
for  specialized  science  tasks,  such  as  naming  all  the  objects  in  the  environ- 
ment, animate  or  inanimate,  serving  as  a field  naturalist,  as  a laboratory 
technician,  or  a general  bureau  of  information. 

It  is  evident  that  only  those  subjects  that  are  in  keeping  with  the  basic 
purposes  of  the  elementary  school  succeed  in  maintaining  a permanent  place 
in  its  curriculum.  The  American  elementary  school  is  a unique  institution. 

It  has  been  called  at  times  "the  great  common  school,"  in  that  it  is  the  school 
for  all  the  people.  It  was  established  by  the  early  forefathers  as  the  one  in- 
stitution that  would  be  common  to  everyone,  regardless  of  race,  religion, 
economic  status,  and  future  occupation.  It  has  become  the  basic  institution 
dedicated  to  the  task  of  the  education  of  all  people  for  citizenship  in  a de- 
mocracy. A significant  part  of  the  success  that  science  has  had  can  be  ac- 
counted for  by  the  fact  that  elementary  school  workers  have  been  concerned 
that  science  be  developed  in  the  interests  of  aD  boys  and  girls.  This  pattern 
for  science  in  public  elementary  education  is  being  adopted  by  a number  of 
democratic  countries. 
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SCIENCE  FROM  THE  DEVELOPMENTAL  POINT  OF  VIEW 

Science  in  the  education  of  children  should  be  considered  wholly  from  a 
developmental  point  of  view.  Recognition  will  then  be  given  to  the  fact  that 
children  do  not  come  to  school  for  the  first  time  at  zero  in  science  learning. 

They  have  had  a wide  range  of  rich  experiences  with  physical  and  biolog- 
ical phenomena.  They  may  have  a variety  of  experiences  including  those 
with  friction,  momentum,  inertia,  magnetism,  static  electricity,  simple  elec- 
tric circuits,  snow,  ice,  water,  steam,  melting,  boiling,  freezing,  conditions 
necessary  to  certain  living  things,  care  of  animals,  seasonal  change,  the  sun, 
the  moon,  stars,  clouds,  mirrors,  magnifying  glasses,  evaporation,  condensa- 
tion, varieties  of  kinds  of  locomotion  found  in  the  animal  world,  animal  mouths, 
ears,  noses,  coverings,  balance  with  building  blocks,  wagons  and  tricycles, 
heat  and  cold,  effects  of  seasonal  change,  different  animal  habitats  in  the 
community,  solution  of  solids  in  liquids,  molds,  the  large  number  of  seeds 
produced  by  some  plants,  and  so  on.  They  may  bring  with  them  misconcep- 
tions and  superstitions,  or  they  may  come  to  school  with  a good  attitude  con- 
ducive to  learning  and  the  development  of  intelligent  and  resourceful  behavior. 

Many  teachers  of  children  find  it  useful  to  accept  a point  of  view  of  dy- 
namic psychology  for  understanding  children.  Their  ideas  may  be  stated 
simply  in  such  words  as  these:  A child  lives  in  a dynamic  universe  which  is 
new  to  him.  He  is  challenged  by  his  many  experiences.  This  universe  is 
filled  with  a great  variety  of  objects.  He  is  impressed  by  the  events  phe- 
nomena) small  and  large  occurring  about  him,  such  as  rusting,  rain,  weather- 
ing rocks,  electrical  shocks,  thunder,  wind,  and  falling  objects.  He  finds 
himself  in  normal  circumstances  tremendously  stimulated  and  turns  naturally 
to  exploring  and  learning. 

A young  child  is  naturally  egocentric.  He  is  not  to  be  condemned  for 
being  so;  his  egocentric ity  grows  out  of  his  great  potentialities  for  ceaseless 
drive  and  for  adjustment  and  understanding  of  his  environment  and  himself. 

As  a result  of  the  great  drives  and  yearnings,  he  feels  inside  himself  a whole 
gamut  of  emotions  which  are  to  him  discoveries  about  himself.  He  may  dis- 
play grief,  irritability,  anger,  restlessness,  impatience,  and  disappointment. 
Although  such  expressions  are  not  to  be  condoned  or  encouraged  in  children, 
they  are  not  to  be  considered  in  themselves  evil,  for  out  of  these  emotional 
drives  have  come  many  of  the  great  constructive  developments  of  mankind, 
such  as  democracy,  better  living  conditions,  religious  freedom,  and  improved 
health. 

A child  is  an  energy  system  and  in  all  the  universe  we  do  not  find  its 
equal.  It  is  remarkable  that  out  of  the  use  of  his  energy,  a child  is  becoming 
intelligent  in  a universe  filled  with  a vast  variety  of  living  and  nonliving  objects. 
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an  almost  kaleidoscopic  array  of  events  and  changes.  Within  his  rapidly 
widening  universe,  the  child  attempts  to  identify  himself  and  his  inheritance. 
Viewing  children  from  this  dynamic  point  of  view  assists  parents  and  teachers 
to  understand  that  the  drives  of  children,  which  are  so  frequently  annoying  to 
the  adult,  are  potentially  constructive  traits. 

A child  learns  about  his  environment  whether  he  is  taught  science  or  not, 
although  some  of  his  learning  may  be  negative  in  value.  The  kind  of  science 
learning  considered  in  this  Manual  begins  in  the  cradle.  As  a child  begins  to 
separate  himself  from  his  environment,  he  begins  to  develop  learnings  based 
on  these  experiences.  Parents  and  teacher  must  recognize  that  there  may 
be  learning  about  the  environment  even  though  a child  is  unable  to  state  mean- 
ings in  words.  For  instance,  a child  is  experiencing  something  with  the  rattle 
he  places  in  his  mouth  although  he  has  no  words  with  which  to  shape  thought. 
He  is  learning  something  about  the  earth  and  its  gravity  as  he  pushes  his 
weight  against  it  in  taking  his  first  steps.  Were  the  earth  like  a suspended 
rubber  balloon  that  bounced  away  from  him,  or  if  the  gravity  were  not  con- 
stant and  pulled  him  with  greater  force  at  some  times  than  at  others,  he 
would  develop  a different  set  of  attitudes  and  behavior.  In  considering  sci- 
ence in  the  program  of  elementary  education,  it  is  well  to  conceive  of  science 
as  beginning  with  birth.  In  a real  sense,  the  adjustment  to  the  environment 
can  be  traced  back  to  the  prenatal  stages. 

In  a very  real  sense,  we  might  say  that  the  potentialities  of  science  are 
inside  human  beings.  To  make  it  more  personal  we  may  think  of  these 
potentialities  as  being  in  such  human  beings  as  ourselves— teachers  and  chil- 
dren in  the  classroom.  This  is  true  because  science  has  grown  out  of  a 
tremendous  urge  on  the  part  of  mankind  through  the  long  centuries  to  come 
to  an  understanding  of  the  universe. 

Man,  from  the  remote  past,  has  sought  explanations  for  the  things  that 
happen  in  the  world  about  him.  The  rainbow,  birth,  death,  life,  lightning,  and 
other  events  challenged  him.  He  frequently  used  great  ingenuity  and  much 
fancy  to  develop  explanations  for  the  phenomena  about  him.  The  myths  and 
legends  of  many  peoples  indicate  men  have  felt  that  if  they  could  understand 
the  world  about  them  they  might  know  more  about  themselves,  their  origins 
and  history.  The  fact  that  primitive  people  frequently  associated  their  ex- 
planations with  their  religious  beliefs  demonstrates  how  important  such  ex- 
planations were  to  them.  In  fact,  these  explanations  had  much  to  do  with 
man's  adjustment  to  the  environment.  Sometimes  man's  explanations  made 
him  fearful  and  superstitious;  at  other  times  they  filled  him  with  confidence, 
calm,  and  resourcefulness. 

According  to  the  developmental  point  of  view,  the  origin  of  science  is  in 
man's  distant  past.  An  implication  of  this  for  teachers  in  the  elementary 
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school  is  that  science  need  not  be  thought  of  as  something  foreign  to  them  or 
to  the  children  they  teach.  Science  as  we  know  it  today,  with  its  discoveries 
and  inventions,  is  the  result  of  urges  in  men  and  women  through  the  ages. 

We  can  see  these  same  urges  in  children  as  they  follow  their  natural  drives 
and  as  they  attempt  to  secure  adjustment  and  equilibrium  in  a dynamic  uni- 
verse. They  use  the  senses  of  smelling,  tasting,  feeling,  seeing,  and  hearing, 
the  kinesthetic  sense,  imagination,  curiosity,  energy,  irritability,  restless- 
ness, play,  response  to  external  conditions,  and  other  partly  understood  drives 
deep  within  their  natures  to  project  themselves  into  the  areas  of  the  environ- 
ment. They  depend  upon  impulse,  fancy,  creative  activities,  and  logical  think- 
ing just  as  their  ancestors  did. 

From  the  developmental  point  of  view  not  all  of  science  is  difficult.  On 
the  contrary,  from  this  point  of  view  science  is  part  of  the  earliest  learnings 
of  children.  Furthermore,  the  technical,  vocational,  and  specialized  aspects 
of  science  have  no  function  in  elementary  education.  Elementary  science  is 
closely  related  to  the  experiences  of  children  and  to  the  kind  of  thinking  they 
can  do,  so  that  teachers  need  have  no  fear  of  science.  The  teacher  can  learn 
the  science  that  is  needed  while  teaching  science  at  any  level  in  the  elementary 
school. 

The  fear  of  science  felt  by  some  adults  is  not  usually  found  in  children. 
The  adult  may  have  been  conditioned  to  a dislike  of  science  in  part  by  previous 
contacts  with  science  instruction  at  high  school  and  college  levels,  whereas 
children,  having  felt  no  such  conditioning,  are  still  following  their  natural 
impulses.  Teachers  can  free  themselves  from  their  negative  reactions  if 
they  will  attempt  to  see  the  environment  and  science  through  the  eyes  of  chil- 
dren. Encouraging  children  in  a classroom  to  express  themselves  freely 
about  their  ideas  of  natural  events  has  assisted  many  teachers  to  understand 
children  and  at  the  same  time  to  gain  a new  look  at  the  world  for  themselves. 

USING  SCIENCE  IN  A DEMOCRACY 

There  has  grown  up  a conviction  that  the  free  nations  must  remain  strong 
if  they  are  to  remain  free.  There  is  also  a realization  that  there  is  power  in 
science,  and  therefore  that  science  is  an  essential  element  in  maintaining  and 
improving  the  democratic  way  of  life.  It  will  not  be  enough  to  have  a small 
portion  of  the  population  educated  as  scientists;  to  be  truly  strong,  an  entire 
nation  must  be  conversant  with  science.  To  realize  this  goal,  science  must 
be  placed  in  the  curriculum  as  one  of  the  fundamentals.  Making  our  whole 
nation  conversant  with  science  is  a task  uniquely  suited  to  the  elementary 
school  since  this  is  the  institution  of  all  the  people.  It  is  the  institution  which 
has  in  its  enrollment  not  only  the  future  scientists  but  the  layman  as  well  (and 
everyone  is  a layman  outside  his  special  field). 
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Strength  for  free  peoples  is  secured  through  the  development  of  good  liv- 
ing conditions  as  well  as  military  defense.  Through  the  use  of  science  man 
can  do  much  to  shape  his  own  future,  since  science  has  tremendous  potenti- 
alities for  the  improvement  of  living  conditions  for  all. 

The  children  now  in  our  elementary  schools  will  live  in  a world  of  tomor- 
row. Our  boys  and  girls  will  live  in  a time  of  great  decisions.  They  will  need 
to  make  certain  that  science  will  be  used  for  good  and  not  for  evil.  They  will 
need  to  determine  how  democracies  can  be  kept  secure.  There  will  be  great 
problems  concerning  the  use  of  new  and  old  sources  of  energy.  Theirs  will  be 
the  problems  of  wise  utilization  of  natural  resources,  the  distribution  of  new 
synthetics,  medicines,  and  drugs,  provision  for  health  and  well-being,  develop- 
ment of  materials  from  new  sources,  establishment  and  maintenance  of  re- 
search agencies  dedicated  to  public  welfare,  the  establishment  of  a balance  of 
nature  that  will  provide  ample  food  and  recreation  for  all,  and  the  creation  of 
a stable  economy  based  on  the  natural  resources  and  other  problems  to  be 
solved,  all  within  a democratic  framework.  Through  all  of  this  there  will 
probably  be  a consideration  of  problems  of  international  and  world  co-operation. 

As  we  seek  to  determine  what  shall  be  the  basis  for  our  instruction  in 
science  in  the  education  of  children,  we  find  we  must  look  to  something  more 
permanent  than  a mere  teaching  about  objects.  We  make  this  decision  be- 
cause in  a few  decades  we  ourselves  have  witnessed  a vast  array  of  new  in- 
ventions displace  objects  which  once  seemed  permanent.  Kerosene  lamps 
have  given  way  to  electric  lights  in  many  places.  We  have  observed  the 
transition  from  telegraph  to  television.  Our  familiar  world  is  in  constant 
transition.  So,  although  we  may  utilize  objects  in  teaching  children,  we  cannot 
base  our  curriculum  on  objects.  We  must  look  deeper  for  our  basic  purposes. 

Some  might  say  that  our  major  purpose  is  giving  children  content.  But 
the  content  of  science,  important  as  it  is  in  the  education  of  children,  does  not 
constitute  the  fundamental  purpose  of  including  science  in  the  elementary 
curriculum.  This  is  true,  first,  because  our  basic  purpose  must  be  in  terms 
of  children  and  society,  and  consistent  with  the  dedication  of  the  public  elemen- 
tary schools  to  the  principles  of  democracy.  Second,  as  we  shall  see  later  in 
this  introduction,  we  must  recognize  that  the  content  of  science  is  not  absolute; 
what  we  think  is  reliable  information  today  may  need  revision  tomorrow. 

What  we  can  be  certain  of  is  that  boys  and  girls  will  need  to  be  resourceful 
and  democratic  in  the  decades  ahead  if  their  and  our  way  of  life  is  to  survive. 
Therefore,  we  are  concerned  with  the  development  of  resourceful  and  demo- 
cratic behavior.  If  we  succeed,  we  shall  not  need  to  be  unduly  concerned  for 
the  future,  for  with  the  development  of  resourceful  behavior  in  accordance 
with  the  high  purposes  of  democracy,  our  boys  and  girls  can  use  science  to 
shape  the  future  with  complete  confidence. 
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It  is  to  be  noted  in  this  discussion  that  science  is  considered  as  a tool  for 
humanity.  There  is  no  intent  in  the  education  of  children  to  develop  science 
for  its  own  sake  or  to  defend  science  as  a vested  interest.  Only  as  science 
serves  in  the  development  of  children  and  in  the  welfare  of  humanity  can  it 
be  defended  as  essential  in  the  education  of  elementary-school  children. 

It  is  most  important  that  we  recognize  that  boys  and  girls  need  to  do 
much  more  than  talk  about  science.  If  democracies  are  to  preserve  their 
way  of  life,  there  must  be  in  their  populations  the  ability  to  operate  intelli- 
gently and  resourcefully  with  the  materials  and  energy  of  the  universe  to  the 
best  interest  of  mankind. 

Social  studies,  however  valuable  they  may  be,  are  not  sufficient  in  them- 
selves to  help  children  meet  and  solve  the  problems  of  today  and  tomorrow. 
Teachers  and  school  systems  are  likely  to  miss  the  great  contributions  of 
science  to  children  and  through  the  children  to  the  larger  goals  of  democracy 
when  they  place  science  in  the  curriculum  as  a segment  of  the  social  studies. 
Science  grows  out  of  the  tremendous  urges  of  the  human  organism  and  does 
not  have  to  be  motivated  through  social  studies.  Many  students  of  children 
think  that  science  by  its  very  nature  is  more  challenging  to  young  children 
than  social  studies.  This  is  not  to  be  interpreted  as  an  argument  against  the 
social  studies.  It  is,  however,  an  appeal  that  curriculum  workers  thoroughly 
think  through  the  concept  that  science  is  a part  of  the  development  of  children. 
If  properly  guided,  children  can  grow  in  intelligent  and  resourceful  behavior 
just  as  they  can  grow  physically  if  properly  nourished. 

Some  have  suggested  that  the  primary  purpose  of  science  in  the  education 
of  children  is  to  develop  "little  scientists."  Such  an  idea  is  not  consistent 
with  the  fundamental  purpose  of  the  elementary  school  and  the  origin  and  na- 
ture of  science  in  society.  There  should  be  no  hero  worship  of  scientists  ex- 
cept in  so  far  as  an  individual  scientist  deserves  it.  Democracy  will  be  weak- 
ened if  a society  is  created  with  a distinct  scientific  class.  Scientists  serve, 
but  so  do  soldiers,  senators,  artists,  carpenters,  barbers,  farmers,  doctors, 
and  everyone  else.  Scientists  now  and  then  outside  their  own  special  fields 
are  somewhat  naive,  and  at  times  exhibit  traits  of  gullibility  and  dogmatism, 
thus  violating  the  fundamentals  of  science.  Scientists  are  human  beings  like 
other  people.  We  should  not  set  up  the  lives  of  scientists  as  ideals  for  chil- 
dren to  follow,  regardless  of  how  much  we  may  appreciate  the  contributions 
of  science. 

THE  NATURE  OF  MODERN  SCIENCE 

In  science  we  do  not  view  knowledge  as  absolute.  Any  statement  of  sci- 
ence can  be  challenged,  revised,  or  refuted  with  suitable  data.  There  is  no 
room  for  dogmatic  attitudes.  There  can  be  no  dictator  for  science. 
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Through  science,  man  strives  always  for  a better  understanding  of  the 
world.  Unfounded  prejudices,  opinions,  gossip,  rumor,  astrology,  myths, 
intuition,  and  superstition  cannot  be  considered  reliable  sources. 

Science  is  an  active,  dynamic  field,  constantly  demanding  willingness  to 
make  new  observations,  to  repeat  experiments,  to  consider  new  facts,  and  to 
challenge  earlier  conclusions.  Science  is  far  from  a finished  subject,  in  fact, 
it  is  likely  that  it  is  only  in  its  beginnings.  All  the  areas  of  science  are  under- 
going changes  as  a result  of  continuous  study.  New  ideas  are  being  added  and 
old  ideas  revised  about  stars,  ventilation,  living  things,  diseases,  nutrition, 
and  other  areas  of  science. 

Man  learns  through  experiences  by  means  of  his  senses.  Science  has 
produced  new  instruments,  such  as  telescopes,  microscopes,  and  others,  that 
extend  man's  range  of  observations  and  experience.  Nevertheless,  to  explain 
many  happenings  in  nature,  even  everyday  occurrences,  is  exceedingly  diffi- 
cult in  spite  of  many  new  technical  tools.  So  scientists  have  been  forced  to 
develop  provisional  explanations,  or  hypotheses,  to  guide  them  in  further  study 
of  some  things.  But  scientists  must  abandon  any  hypothesis  as  soon  as  it  is 
found  to  be  unsatisfactory.  There  is  much  that  scientists  have  not  satisfac- 
torily explained.  Many  times  a scientist  must  say  he  does  not  know  even 
about  problems  within  his  own  field  of  specialization,  and  even  though  he  may 
by  all  rights  be  the  world's  leading  authority  on  the  problem  involved. 

Since  man  is  continuously  in  the  process  of  making  new  discoveries  and 
revising  his  information,  accuracy  is  not  an  exact  status.  This  means  that 
we  do  not  teach  a fact  as  though  it  must  be.  true  for  all  time.  It  indicates, 
also,  that  we  cannot  teach  all  the  truth  to  a child  about  any  single  subject. 

We  may,  however,  attempt  to  make  certain  in  the  classroom  that  the  way  in 
which  a child  learns  is  consistent  with  scientific  attitudes. 

We  cannot  hastily  call  an  item  correct  or  incorrect.  Instead  it  is  essen- 
tial that  in  all  our  discussion,  reading,  experiments,  and  so  on  we  determine 
what  is  the  most  reliable  information  at  a given  time.  It  may  not  be  as  serious 
a matter  to  be  mistaken  in  the  information  we  may  have  at  any  time,  as  to  as- 
sume that  there  may  be  no  need  to  secure  new  information  on  all  important 
matters  throughout  our  lives.  It  is  also  a serious  matter  to  pass  along  in- 
formation as  if  there  were  no  question  about  its  accuracy  when  we  are  not 
sure  of  its  reliability.  The  nature  of  modern  science  is  thus  entirely  con- 
sistent with  the  idea  that  learning  takes  place  through  the  continuous  growth 
and  development  of  large  concepts.  It  also  indicates  how  necessary  it  is  to 
view  education  as  a process  which  takes  place  from  the  cradle  to  the  grave. 

Accuracy  is  a direction  toward  which  man  in  his  best  efforts  strives.  It 
is  also  a goal  toward  which  teachers  and  children  can  move  in  teaching  and 
learning;  it  calls  for  growth  for  both  teachers  and  children.  A child's  ideas 
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gained  from  science  can  be  accurate  in  so  far  as  they  go,  but  as  a child  pro- 
ceeds through  the  school,  his  knowledge  about  any  one  subject  increases  in 
amount  and  detail.  In  other  words,  we  may  not  be  able  to  teach  children  all 
the  reliable  information  in  science  about  a given  subject,  but  what  we  do  teach 
can  be  consistent  with  what  is  reliable.  Authoritative  books  such  as  those  in 
the  Science  for  Today  and  Tomorrow  series  can  be  most  useful  to  both  chil- 
dren and  teachers  in  maintaining  a high  standard  of  accuracy  and  sound  devel- 
opment of  attitudes. 

SCIENCE  AND  BEHAVIOR 

This  condensed  description  of  the  nature  of  science  has  been  provided 
because  it  has  many  implications  for  the  teacher  and  can  provide  him  with  a 
sense  of  security  and  adequacy  in  teaching  children.  The  teacher  has  the 
right  according  to  science  to  play  an  honest  role  in  the  classroom.  He  has 
a right  to  admit  that  he  is  learning;  that  he  makes  mistakes  sometimes;  that 
sometimes  a child  with  a special  interest  and  concentration  may  be  learning 
faster  than  he  is.  In  a real  sense,  the  scientific  method  is  a method  of 
honesty,  and  neither  teacher  nor  child  should  be  penalized  in  any  way  for  be- 
ing honest.  The  learner  should  never  be  humiliated  for  the  admission  of 
ignorance.  The  implications  of  science  for  mental  hygiene  and  human  rela- 
tions are  profound. 

It  would  be  well  for  the  teacher  to  consider  the  implications  of  science  in 
the  development  of  such  behavior  patterns  as  open-mindedness,  critical- 
mindedness, and  the  avoidance  of  gullibility.  There  is  no  greater  educational 
factor  operating  in  the  modern  world  than  the  attitudes  that  teachers  and 
parents  utilize  while  working  and  living  with  children. 

In  science  it  is  important  to  state  the  source  of  one's  comment  in  ex- 
plaining a phenomenon,  such  as  evaporation  of  water,  hibernation  of  animals, 
erosion  of  soils,  and  so  on.  For  instance,  one  might  say,  "I  read  an  explana- 
tion in ,"  or  "It  may  be ,"  or  "My  father  said ,"  or  "On  my 

way  to  school  I saw ,"  or  "I  think  it  might  have  been,"  or  "I  used  my 

imagination,"  or  "I  have  an  idea,"  or  "I  think  I am  right,"  or  "I  can  do  an  ex- 
periment to  show " This  is  preferable  to  giving  such  information  as 

if  the  statements  were  unquestioned  facts.  We  have  sometimes  called  this 
identifying  the  source  of  a comment.  Teachers  and  children  should  develop 
the  behavior  pattern  of  identifying  the  source  of  a comment. 

Both  teachers  and  children  have  a right  to  use  their  imagination,  to  spec- 
ulate, to  repeat  information  as  long  as  they  distinguish  between  reliable  and 
unreliable  information.  Such  a behavior  pattern  is  in  the  direction  of  assum- 
ing responsibility  for  one's  own  speech.  It  is  quite  different  from  the  be- 
havior of  gossip,  loose  talk,  and  rumor  spreading. 
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This  type  of  development  should  not  be  allowed  to  harm  the  good  human 
relationships  of  children.  Frequently  children  use  parents'  opinions  as  re- 
liable information.  It  would  be  well  for  the  teacher  to  handle  such  comments 
in  a manner  that  will  in  no  way  decrease  the  child's  respect  for  his  parents. 

In  a sense,  the  attitude  of  the  teacher  may  be  that  we  are  glad  to  have  what 
the  parent  has  said,  and  indicate  that  further  development  of  the  statement  is 
given  in  authoritative  books.  Perhaps  the  comment  might  be  "What  do  per- 
sons who  spend  their  lives  studying  this  kind  of  thing  say?"  Science  instruc- 
tion should  be  utilized  to  improve  the  human  relationships  of  children,  those 
of  children  with  children,  children  with  teachers,  and  children  with  parents. 

It  is  obvious  that  the  great  behavior  patterns  growing  out  of  science  are 
not  built  in  a finished  manner  in  a day  or  a year  or  a decade.  For  instance, 
critical-mindedness  and  open-mindedness  require  time  for  development. 
Development  of  the  patterns  associated  with  resourceful,  democratic  behavior 
should  be  considered  a continuous  program  throughout  the  elementary  school. 

There  is  considerable  evidence  that  three  great  achievements  of  mankind 
— democracy,  scientific  method,  and  religious  tolerance — developed  con- 
temporaneously and  out  of  the  same  general  struggles.  An  examination  of 
these  achievements  will  indicate  that  these  three  have  much  in  common  in 
basic  meanings.  In  the  opinion  of  many  students,  real  science  cannot  exist 
outside  a democracy. 


THE  CONTENT  OF  ELEMENTARY  SCIENCE 

Almost  everyone  is  impressed  with  the  extensive  nature  of  science;  it 
has  indeed  grown  tremendously  in  scope.  No  one  can  learn  all  science  in  an 
entire  lifetime.  It  is  also  obvious  a teacher  cannot  teach  it  all.  Only  a very 
small  portion  of  the  total  science  will  be  taught  to  children,  but  that  portion 
can  be  most  important  in  the  development  of  citizenship.  The  question  of 
how  much  content  of  science  is  taught  is  not  of  nearly  so  great  importance  as 
is  the  question  of  what  content  of  science  is  taught  and  how  it  is  taught.  With 
the  world  situation  as  it  is  today,  it  is  most  important  that  the  content  and 
procedures  of  science  (suggested  to  teachers  and  children)  in  such  a series 
as  Science  Today  and  Tomorrow  be  those  designed  for  the  preservation  and 
advancement  of  democracy. 

Because  of  the  extensiveness  of  science,  there  has  been  a tendency  to 
develop  what  might  be  called  encyclopedic  instruction.  Under  this  method 
students  have  been  required  to  learn  wide  areas  of  content.  Comprehensive 
instruction  has  been  developed  about  animate  and  inanimate  objects  and  about 
topics  in  the  environment  with  little  sensitivity  on  the  part  of  curriculum 
makers  as  to  the  value  of  the  content  to  the  teacher  and  children  involved.  In 
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the  encyclopedic  type  of  instruction  the  purposes  of  science  in  elementary 
education  became  lost  in  small  content  and  busy  work. 

A traditional  trend  in  nature  study  has  been  to  make  science  instruction 
dependent  upon  an  incident  approach.  If  a child  brings  in  an  object,  such  as 
a rock,  a feather,  or  a flower,  or  if  he  can  relate  an  interesting  experience, 
then  there  is  instruction  in  this  field  about  the  object  or  incident.  If  there  is 
no  object  or  no  incident,  there  is  no  science  instruction  in  such  classrooms. 
Science  becomes  incidental  and  accidental  in  the  classrooms  of  teachers  hold- 
ing to  this  point  of  view. 

But  science  is  no  incident  in  the  lives  of  children.  In  fact,  it  is  and 
probably  will  continue  to  be  one  of  the  most  dominating  and  decisive  factors 
in  the  lives  of  children.  Schools  developing  science  on  an  incidental  basis 
will  not  provide  boys  and  girls  with  the  education  they  need  for  the  great  de- 
cisions they  must  make  for  themselves,  their  country,  and  the  world. 

This  is  not  to  say  that  incidents  have  no  place  in  teaching- learning  situa- 
tions. Natural  incidents  can  be  used  as  experiences  for  concept-formation 
and  for  the  development  of  understanding  of  phenomena.  But  science  with  its 
profound  and  challenging  ideas  has  a great  contribution  to  make  to  the  forma- 
tion of  concepts  and  important  ideas.  If  our  democracy  is  to  survive,  we 
must  make  certain  that  the  potentialities  of  science  in  our  way  of  life  will  be 
developed.  This  instruction  must  not  be  incidental. 

Since  the  best  information  scientists  have  at  any  one  time  will  need  to  be 
revised  in  keeping  with  future  discoveries,  a content  of  science  in  the  elemen- 
tary school  cannot  be  considered  as  set  and  fixed  for  even  a few  years.  There 
are,  however,  certain  patterns  for  the  universe  which  seem  to  persist  as  pro- 
found descriptive  principles  for  all  time,  in  spite  of  revision  and  modification 
that  follow  new  discoveries.  These  patterns  are  described  in  the  following 
statements:  The  universe  is  very  large.  The  earth  is  very  old.  Many  changes 
are  going  on  in  the  universe.  Living  things  are  interdependent  and  interrelated. 
Living  things  which  are  living  today  are  the  results  of  adaptations  that  have 
been  made  in  the  past.  There  is  a great  variety  among  living  things.  There 
is  evidence  of  a tendency  toward  balance  among  the  forces  and  living  things. 

For  the  sake  of  brevity,  we  can  speak  of  these  principles  as  space,  time, 
change,  interrelationships,  variety,  adaptations,  and  balance. 

These  patterns  seem  to  be  guide  lines  for  instruction  through  the  elemen- 
tary school.  A child  can  continue  to  grow  along  the  lines  of  these  great  prin- 
ciples or  patterns.  The  experiences  an  individual  has  throughout  life  can  en- 
rich his  understanding  of  these  principles.  Man  must  recognize  these  patterns 
if  he  is  to  adapt  his  civilization  to  this  universe.  A knowledge  of  these  basic 
patterns  is  necessary  to  the  understanding  of  the  world's  problems  and  life's 
experiences  in  our  modern  democratic  world. 
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THE  LARGE  PATTERNS  OF  THE  UNIVERSE  AS  GUIDE 
LINES  FOR  TEACHING- LEARNING 

The  Universe  Is  Very  Large — Space 

As  man  has  studied  the  universe  that  surrounds  the  earth,  he  has  become 
impressed  by  the  immensity  of  space.  The  earth  which  he  thought  was  very 
large  and  the  center  of  everything  is  small  compared  with  many  other  objects 
in  the  universe.  This  earth  is  one  of  several  bodies  which  revolve  about  a 
star  known  as  the  sun.  The  sun  is  one  of  millions  of  stars  which  compose  a 
vast  galaxy  of  bodies  which  is  called  the  Milky  Way.  Man  has  learned  that 
there  are  many  other  galaxies  within  range  of  the  modern  telescope. 

While  a complete  understanding  of  the  immensity  of  space  is  undoubtedly 
beyond  the  mental  capacities  of  any  one  individual,  it  can  become  a guiding 
factor  in  the  interpretation  of  the  experiences  of  children  at  all  levels.  The 
young  child  may  begin  his  growth  in  the  understanding  of  space  as  he  begins 
to  associate  with  himself  the  rooms  in  his  home  and  the  yard  or  immediate 
vicinity  about  his  home.  Later,  he  learns  the  location  of  the  nursery  school 
or  kindergarten  when  he  is  taken  there  by  adults  or  by  school  bus.  Still  later, 
he  goes  to  school  by  himself  and  learns  where  the  homes  of  his  relatives  and 
friends  are  in  relation  to  his  own  home.  As  he  travels  to  neighboring  com- 
munities, his  world  becomes  larger.  He  may  be  intrigued  by  the  observation 
that  the  sun  and  moon  seem  to  follow  him  as  he  moves  about. 

A child's  early  contact  with  this  pattern  may  merely  teach  him  that  the 
earth  is  a very  big  place  compared  with  his  familiar  neighborhood.  He  may 
become  acquainted  with  the  appearances  of  the  day  and  night  sky.  Later, 
his  learning  will  reveal  that  the  earth  is  very  small  in  comparison  with  the 
stars  and  space.  About  the  same  time  he  will  also  learn  that  the  stars  are 
suns  which  are  very,  very  far  away.  In  later  years  he  increases  his  under- 
standing of  the  vastness  of  space  by  learning  about  the  extent  of  the  solar 
systems,  the  Milky  Way  Galaxy,  radio  stars,  cosmic  rays,  the  galaxies,  the 
light  year,  and  so  on 

Any  adult  who  has  read  modern  astronomy,  has  attended  lectures  in  this 
field,  visited  an  observatory  or  planetarium,  or  considered  the  possibilities 
of  space  travel  knows  that  his  conception  of  space  is  still  further  improved 
after  childhood.  There  are  new,  challenging  thoughts  for  all  levels — the  junior 
high  school,  senior  high  school,  and  college  levels — and,  for  that  matter,  many 
new  discoveries  still  to  be  made  by  the  astronomer.  Some  comprehension  of 
this  conception  is  essential  to  an  appreciation  of  the  significance  of  science  in 
its  revolutionary  effect  on  modern  thought.  It  is  important  that  children 
should  be  started  properly  along  this  path  rather  than  allowed  to  absorb 
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inaccurate  and  unscientific  ideas  of  tfie  universe  and  astronomical  bodies  and 
to  grow  up  with  earth-centered  conceptions  in  an  age  of  modern  science. 


The  Earth  Is  Very  Old— Time 

The  conception  of  the  great  age  of  the  earth  and  of  the  universe  has  come 
to  mankind  as  a revolutionary  idea.  Not  only  has  it  profoundly  influenced 
scientific  understanding,  but  it  has  altered  man's  attitude  toward  his  own  place 
and  function  in  the  universe.  It  was  natural  for  primitive  man  to  think  that 
the  earth  had  been  formed  just  a short  time  before  the  advent  of  his  people. 

Much  of  this  primitive  belief  came  down  into  modern  times  and  still  controls 
thought  in  scattered  areas.  Children  in  their  early  years  may  learn  that  soil 
is  made  from  rocks,  and  through  activities,  observations,  and  experiences  dis- 
cover that  the  process  of  soil  formation  took  a long  time.  They  may  also 
learn  something  about  the  forces  which  operate  upon  the  earth  to  produce 
changes;  that  it  was  a long  time  before  the  earth  became  a suitable  place  for 
plants  and  animals;  and  that  many  kinds  of  animals  have  lived  on  the  earth 
and  have  become  extinct.  These  ideas  furnish  him  useful  content  in  con- 
structing his  understanding  of  the  great  age  of  the  earth. 

Children  may  have  a variety  of  interesting  experiences  with  earth  forces: 
for  example,  they  may  examine  pavements  broken  by  water  freezing  in  winter; 
feel  rocks  softened  by  the  action  of  weathering;  observe  erosion  after  a rain- 
storm; note  how  plants  keep  soil  from  eroding;  examine  different  kinds  of  soil 
with  a magnifying  glass. 

Time  is  something  to  be  learned.  Children  must  learn  the  concepts  of  J 
yesterday,  today,  and  tomorrow;  the  meaning  of  a second,  a minute,  an  hour, 
a week,  a month,  a season,  and  a year;  the  sequence  of  seasons;  the  varied 
lengths  of  life  of  living  things.  A tree  may  be  several  hundred  years  old, 
and  on  the  other  hand,  a mouse  may  live  only  a few  months. 

Time  is  relative  to  both  children  and  adults.  A half  hour  may  be  a long 
time  waiting  for  a plane  or  train,  but  very  short  if  we  are  playing.  A year 
between  birthdays  can  seem  a long  time,  but  it  is  short  in  terms  of  the  cen- 
turies the  Indians  have  lived  in  the  Western  Hemisphere.  The  teacher  and  the 
parent  can  greatly  enlarge  children's  concept  of  time. 

In  later  work  children  may  learn  something  about  what  has  happened  to  the 
earth,  the  causes  of  natural  features  in  various  localities,  the  long  ages  of  ^ 
prehistoric  life,  the  struggle  of  life  for  existence,  the  forces  operating  on  the 
earth,  and  some  of  the  changes  that  have  taken  place  on  the  surface  of  the  earth. 
This  comprehension  of  the  great  age  of  the  earth  is  essential  to  an  apprecia- 
tion of  the  antiquity  of  man  and  of  man's  attempts  to  build  social  institutions 
for  his  own  welfare.  The  goal  is  not  the  memorizing  of  a chronological 
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sequence  of  events,  but  rather  an  approach  to  the  modern  conception  of  time. 
These  ideas  reveal  to  man  the  importance  of  building  his  social  and  political 
structure  with  the  thought  that  he  may  live  on  this  planet  for  some  time  to 
come,  provided  he  uses  his  intelligence  to  assure  survival.  These  concepts 
are  fundamental  to  building  an  understanding  of  what  is  intelligent  utilization 
of  natural  and  human  resources.  This  understanding  is  necessary  for  man's 
planning  for  his  own  future. 

This  background  to  an  appreciation  of  the  modern  concepts  of  time  and 
change  should  tend  to  inhibit  chauvinism;  it  should  teach  each  pupil  that  all 
life  existing  on  the  earth  today  is  the  result  of  a long  succession  of  living 
things — a development  involving  a vast  number  of  individuals  and  extending 
back  to  the  beginning  of  life  on  the  earth. 

The  mountains,  rivers,  valleys,  plains,  seas,  and  other  physical  features 
that  we  think  of  in  connection  with  a given  nation  and  that  often  come  to  be 
revered  by  the  people  of  that  nation  have  not  always  been  there  as  they  are 
now.  The  surface  of  the  earth  has  changed  its  appearance  many  times  in  the 
past  and  is  constantly  changing  today.  ^ 

As  the  result  of  a long  series  of  experiments  in  the  art  of  living,  man  has 
become  a dominant  force  in  nature,  and  we  have  a right  to  feel  a pride  in  the 
achievement  of  all  mankind.  It  must  be  emphasized  in  our  instruction  that 
this  achievement  is  restricted  to  no  one  race  or  nationality. 

Changes  Occur  Continuously  in  the  Universe — Change 

The  conception  of  change  permeates  all  fields  of  knowledge,  and  man  must 
consider  these  changes  if  he  is  to  operate  intelligently  with  natural  forces.  ^ 
Modern  geology  reveals  that  our  physical  environment  does  not  remain  con- 
stant, that  the  history  of  the  earth  is  a story  of  change — change  in  climate,  in 
topography,  and  in  the  succession  of  living  things. 

The  conception  of  change  is  manifest  not  only  in  geological  history  but  in  ^ 
living  things,  as,  for  example,  the  changes  produced  by  birth,  growth,  age,  and 
death.  There  are  also  changes  produced  by  the  biological  principles  of  strug-  v 
gle  for  existence;  and  these  cannot  be  ignored  by  man  in  his  striving  to  adapt 
the  world  to  his  needs.  Then  there  are  the  changes  produced  by  energy  and  v/ 
movement.  Astronomical  bodies  are  seen  to  have  changed  position  and 
character  through  cycles  of  time.  The  scientist  learns  to  look  for  change  in 
his  explanation  of  phenomena;  the  layman  must  expect  change  as  a condition 
of  everyday  life;  the  student  of  social  studies  and  the  citizen  must  anticipate 
change  in  the  political,  social,  and  economic  structure.  Information  concern- 
ing changes  produced  by  physical  and  chemical  phenomena  developed  in  terms 
of  children's  own  experiences  can  be  introduced  during  early  school  years  and 
continued  through  later  levels. 
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Children  see  water  disappear  from  a dish  by  evaporation.  They  pick  up  rocks 
which  have  weathered  so  much  that  the  rock  disintegrates  into  small  pieces  in 
their  hands.  They  see  the  changes  in  the  sky,  in  the  weather,  and  in  seasons. 

Illustrations  of  change  include  such  phenomena  as  rusting  of  iron,  melting 
of  ice,  boiling  of  water,  weathering  of  rocks,  variations  of  weather  and  of 
seasons,  and  innovations  produced  by  man's  discoveries  and  inventions. 

School  windows  should  be  utilized  more  fully  for  the  study  of  the  succes- 
sion of  changes  due  to  weather,  to  the  seasons,  to  the  time  of  day,  and  man's 
activities  in  relation  to  these  changes.  Brief  excursions  around  the  school 
ground  will  provide  varied  experiences  depending  on  the  region.  The  children 
may  see  frozen,  muddy,  and  dry  soil;  the  growth  of  plants;  and  a variety  of 
plant  structure,  such  as  roots,  stem,  flowers,  and  seeds.  An  outdoor  ther- 
mometer may  reveal  temperature  changes.  Art  work  can  be  utilized  in  the 
study  of  changes. 

A community  of  living  things  never  remains  in  a strictly  static  condition. 
Children  can  observe  the  changes  in  a weed  patch  near  the  school,  in  the 
thicket,  or  in  a garden.  There  is  a continual  shifting  caused  by  weather, 
seasonal  change,  and  just  ordinary  life  and  growth  within  the  cycle  of  new 
life,  maturing,  and  death.  All  around  children  are  evidences  of  change. 

There  is  no  exception  to  the  occurrences  of  change  even  when  man  is 
involved.  Natural  forces  are  always  present  and  working  in  an  environment. 
Perhaps  man  can  never  control  the  natural  forces.  Rather  he  must  learn  to 
work  intelligently  with  these  natural  forces  to  bring  about  changes  which  are 
advantageous  to  his  best  interest. 

In  addition,  there  are  the  great  changes  brought  about  by  man's  inventions 
and  man's  discoveries.  Of  course,  children  are  not  so  aware  of  the  signifi- 
cance of  these  changes  as  adults.  However,  the  school  must  prepare  children 
to  meet  change,  for  the  next  generation  may  need  to  be  prepared  for  even 
greater  changes  than  those  met  by  the  present  generation  of  adults. 

Man  has  lived  through  revolutionary  changes  in  his  social  living  because 
of  the  introduction  of  new  forms  of  energy  and  of  ways  to  utilize  that  energy. 
The  discovery  of  fire,  the  introduction  of  animals  to  carry  man's  burdens, 
the  steam  engine,  the  electric  generator,  and  the  internal  combustion  engine 
greatly  changed  man's  social  and  economic  conditions.  The  utilization  of 
atomic  energy  is  bringing  and  will  continue  to  bring  tremendous  changes. 
Children  should  gain  a feeling  of  confidence  in  the  fact  that  they  are  not  the 
first  of  the  human  race  to  witness  revolutionary  changes  in  energy.  Further- 
more, it  might  be  well  for  us  to  know  how  man's  discoveries  of  new  forms  of 
energy  have  brought  about  great  potential  supplies  of  energy  for  everyone. 

The  advances  in  the  field  of  agriculture  and  soil  culture  may  have  significant 
impacts  on  the  future  course  of  world  events. 


TEACHERS'  MANUAL  • xix 


Changes  brought  about  in  a community  also  may  be  significant.  What  did 
the  country  look  like  before  the  earliest  settlers  came  in?  What  changes  have 
been  brought  about  by  man? 

There  are  less  than  a hundred  natural  elements  which  enter  into  combina- 
tions and  form  the  multitude  of  substances  about  us.  Chemists  find  that  some 
of  these  elements  combine  in  so  many  different  ways  that  to  date  they  have 
been  able  to  make  but  a small  proportion  of  all  the  possible  combinations. 
Chemists  are  learning  to  build  out  of  cheap  sources  substances  which  in  their 
natural  states  have  been  very  rare.  They  have  also  learned  how  to  make  new 
substances,  such  as  new  drugs,  insecticides,  medicines,  plastics,  synthetics, 
and  so  on.  In  this  way,  science  contributes  greatly  to  an  improved  health, 
finer  recreation,  and  higher  standard  of  living. 

Life  Is  Adapted  to  the  Environment — Adaptation 

Adaptation  is  a pattern  which  permeates  the  entire  realm  of  living  things, 
for  wherever  there  is  life  there  is  adaptation.  This  is  a conception  of  great  ^ 
significance  in  the  modern  world:  Indeed,  man's  problem  today  is  to  adapt 
his  social,  economic,  and  political  structure  to  the  conditions  of  the  environ- 
ment and  his  own  needs.  In  the  early  grades  children  can  learn  something 
about  the  homes  of  some  animals  and  their  adaptation  to  life  in  various  places. 
They  can  be  introduced  to  the  idea  that  animals'  structures  have  become  mod- 
ified to  fit  their  environment.  Later  they  can  learn  how  plants  and  animals, 
including  man,  are  adapted  to  seasonal  changes.  The  study  of  prehistoric 
life  is  a story  of  adaptation,  and  can  be  supplemented  by  a study  of  how  animals 
are  protected  against  their  enemies,  how  animals  take  care  of  their  young,  and 
how  plants  continue  to  live  on  the  earth.  Man  adapts  himself  through  com- 
munity life.  The  advantages  and  disadvantages  of  this  form  of  adaptation,  along 
with  a study  of  solitary  animals,  may  be  considered  on  intermediate  levels. 

As  the  child  matures,  the  scope  of  his  concept  of  adaptation  is  further  broad-  ^ 
ened  through  a study  of  prehistoric  modifications,  of  the  weapons  which  animals 
use,  and  of  the  struggle  for  existence. 

The  conception  of  this  pattern,  like  the  conceptions  previously  outlined, 
may  influence  an  individual  at  all  levels  of  his  development.  It  may  modify 
the  child's  interpretation  of  simple  observations  of  the  effect  of  seasonal 
change  on  plants  and  animals.  It  may  give  substance  to  the  youth's  under- 
standing of  the  structural  variations  of  living  things,  and  to  his  consideration 
of  problems  of  public  welfare.  It  may  determine  the  adult's  participation  in 
politics  and  in  public  forums.  The  scientist  finds  much  that  remains  to  be 
discovered  concerning  adaptation.  The  significance  of  this  conception  in  the 
social  studies  can  scarcely  be  overemphasized. 
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Some  of  the  more  general  facts  involved  in  understanding  the  concept  of 
adaptation  are  the  relationships  of  living  things  to  temperature,  water,  foods,  V 
light,  gravity,  and  certain  gases  found  in  the  atmosphere;  the  effect  of  some 
of  the  limitations  of  these  conditions  upon  life;  the  narrow  range  in  these 
conditions  on  the  earth  as  compared  with  those  found  in  the  universe  as  a 
whole;  the  adaptations  imposed  upon  plants  and  animals  that  live  under  these 
conditions;  the  prolificness  of  life;  and  the  interchange  of  energy  and  sub- 
stance between  plants  and  animals  and  between  the  physical  environment  and 
living  things.  Through  experimentation,  discussion,  and  reading,  children 
learn  that  living  organisms  need  light,  oxygen,  nitrogen,  carbon  dioxide,  heat, 
water,  and  other  conditions  in  order  to  exist  and  to  produce  young.  When 
some  of  these  things  are  scarce  or  too  abundant,  life  may  suffer. 

The  implication  for  international  understanding  is  that  man  frequently 
is  limited  by  the  physical  conditions  of  the  environment  to  which  he  adjusts 
himself.  Some  people  must  live  in  inhospitable  places,  such  as  swamps, 
deserts,  and  arctic  regions.  These  people  must  utilize  the  materials  that 
are  available  for  shelter,  food,  and  clothing.  It  is  not  surprising,  therefore, 
to  find  among  the  peoples  of  the  earth  a wide  variety  of  customs.  Many  of 
these  customs  which  seem  foolish  to  others  may  be  the  results  of  the  ex- 
periences of  many  generations  in  a given  environment  and  may  be  necessary 
to  the  survival  of  that  people. 

International  co-operation  has  become  a necessary  adjustment  on  the 
part  of  mankind  if  our  culture  is  to  survive. 

In  science  studies  in  the  elementary  school,  children  have  an  opportunity 
to  realize  that  man  is  only  one  of  a multitude  of  living  things,  and  that,  like 
these  other  things,  he  has  survived  because  he  has  made  adjustments  and 
adaptations  to  the  environment. 

The  Variations  of  Living  and  Nonliving  Things — Variety 

On  the  earth  there  are  wide  varieties  of  climate,  exhibiting  differences  in 
mean  temperature,  in  the  range  of  temperature,  in  the  length  of  the  growing 
season,  in  the  amount  of  rainfall  and  its  seasonal  distribution,  as  well  as 
differences  in  exposure,  in  slope,  in  drainage,  in  elevation,  and  in  soil.  These 
factors  create  many  kinds  of  environments  and  require  adaptations  to  these 
environments.  All  around  us  we  see  in  nature  a variety  of  forms,  differences 
in  structure,  size,  habits,  and  life  histories  of  plants  and  animals.  They 
range  from  the  inframicroscopic  organisms  to  the  gigantic  forms  of  the  red- 
woods and  whales.  The  life  span  of  some  living  things  is  very  short,  while 
that  of  others  covers  several  hundred  years. 
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When  we  see  how  many  different  kinds  of  living  things  there  are,  it  is  not  ^ 
surprising  to  find  that  there  are  also  so  many  different  kinds  of  people.  Man 
has  wandered  about  the  world  for  thousands  of  years,  living  in  many  habitats 
widely  separated  from  each  other.  We  should  expect,  therefore,  to  find  differ- 
ent races,  languages,  and  customs,  but  a concept  that  science  may  teach  is 
their  interdependence  despite  their  differences. 

No  two  living  things  are  exactly  alike,  although  they  may  be  of  the  same 
species.  We  cannot,  therefore,  judge  all  people  of  any  nation  on  the  basis  of 
one  or  two  we  may  have  known. 

Variation  is  manifested  in  the  physical  world  as  well  as  in  the  biological. 
There  are  many  systems  of  organization  in  the  physical  world — the  atom,  the 
element,  the  molecule,  the  compound,  the  substance,  the  planet,  the  solar 
system,  the  galaxy.  There  are  many  kinds  of  minerals,  soils,  and  rocks. 

There  are  less  than  one  hundred  natural  elements;  there  are  thousands  of 
different  compounds.  There  is  variety  in  the  manifestations  of  energy.  Man, 
too,  tends  to  develop  variety  of  forms  in  his  inventions,  discoveries,  engineer- 
ing, and  arts. 

Children  should  become  acquainted  with  this  theme  by  being  introduced 
to  the  range  and  scope  of  certain  obvious  characteristics  in  the  physical  and 
biological  aspects  of  nature.  Instruction  should  be  chiefly  concerned  with 
the  theme  rather  than  with  mere  identification  of  animate  and  inanimate 
objects. 

Each  child  has  two  parents.  Each  parent  brings  to  the  child  a diverse 
inherited  background.  When  we  consider  that  this  means  for  each  child  four 
grandparents,  eight  great  grandparents,  and  so  on,  the  tremendous  potentiali- 
ties working  for  variation  in  the  human  race  become  apparent.  When  to  this 
observation  we  add  the  fact  that  each  child  has  a different  environment,  the 
tremendous  variations  found  in  children  in  any  classroom  are  understandable. 
Every  individual  is  a result  of  success  through  a long  span  of  years  in  that 
each  of  his  ancestors  is  the  result  of  two  parents  reaching  maturity  in  spite 
of  sometimes  hazardous  conditions. 

The  concept  of  individuality,  that  each  individual  is  unique  and  different 
from  all  other  individuals,  is  a part  of  the  larger  pattern  of  variety.  Williams,^ 
a biochemist,  has  recommended  that  we  should  start  teaching  children  in  the 
kindergarten  that  they  possess  individuality.  His  recommendations  merit 
serious  consideration  by  elementary-school  workers.  They  point  to  one  way 
in  which  science  can  contribute  to  mental  hygiene.  Each  individual  has  a 
right  to  be  different.  He  should  not  be  amazed  to  learn  he  is  superior  to 
some  of  his  classmates  in  some  ways  and  inferior  to  others  in  other  abilities. 

^ Roger  J.  Williams,  Free  and  Unequal:  The  Biological  Basis  of  Individual 
Liberty  (Austin:  University  of  Texas  Press,  1953),  p.  177. 
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This  pattern  can  be  used  to  develop  a feeling  for  the  dignity  of  the  individual, 
a feeling  so  important  in  a democracy. 

Following  are  some  of  the  aspects  of  variations  that  are  illustrative  of 
those  found  in  the  environment  of  children: 

\/ 

changes  that  take  place  in  the  out-of-doors 
the  many  different  kinds  of  animals 

the  variety  of  animal  noses,  eyes,  tails,  mouths,  coverings,  legs 

the  variety  in  prehistoric  animals 

the  different  ways  in  which  animals  move  about 

the  differences  in  animal  homes,  such  as  those  on  the  desert,  in  the  arc- 
tic, in  swamps,  underground,  in  fresh  water,  on  the  seashore,  in  the 
ocean  depths,  in  the  forest,  in  the  meadow,  in  trees 

the  variety  in  locomotion,  food-getting,  breathing,  and  protection  of 
animals 

different  ways  in  which  animals  grow  up 

the  many  different  kinds  of  plants,  such  as  those  that  develop  from  spores, 
those  that  develop  from  seeds,  those  that  are  annuals,  those  that  are 
biennials,  those  that  are  perennials 

the  animals  that  are  social,  and  those  that  are  solitary 

the  animals  that  are  cold-blooded,  and  those  that  are  warm-blooded 


Interdependence  of  Living  Things— Interrelationship 

This  is  an  illustration  of  a theme  which  is  practically  universal  in  char- 
acter. We  see  the  significance  of  interrelationships  as  an  integrating  theme  >/ 
in  many  of  the  forces  operating  on  the  earth;  for  example,  in  the  description 
of  astronomical  bodies,  weather,  and  other  physical  phenomena;  in  the  inter- 
dependence and  interrelation  of  living  things  to  each  other  and,  in  turn,  to 
their  physical  environment;  in  the  causes  of  ill  health;  and  in  the  relation  of 
pests  and  parasites  to  economic  loss  in  the  agricultural  world. 

Space  does  not  permit  a full  discussion  of  how  the  idea  of  interrelationships 
in  physical  and  biological  phenomena  may  be  developed.  In  the  early  years 
children  gain  experiences  which  lead  to  an  understanding  that  some  plants  and 
animals  in  the  garden  are  harmful.  In  later  work  they  learn  the  value  of  cer- 
tain other  plants  and  animals  and  what  people  are  doing  to  protect  them.  At- 
tention should  be  focused  in  later  elementary  school  work  on  the  problem  of 
conservation  and  on  preparing  pupils  for  a more  comprehensive  study  of  the 
biological  principles  involved  in  the  struggle  for  existence,  in  the  balance  of 
nature,  and  in  the  interdependence  of  life.  Some  of  the  relationships  of  sci- 
entific  discoveries  and  inventions  to  man's  progress  and  welfare  should  be 
considered.  Man  does  not  live  to  himself  alone.  He  lives  in  a world  of 
interdependencies  and  interrelationships.  He  is  dependent  upon  earthworms 
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and  plants  for  the  fertility  of  the  soil.  He  is  dependent  upon  the  birds  to  keep 
the  insects  in  check.  He  needs  snakes,  owls,  hawks,  and  other  animals  to 
keep  rats  and  mice  in  check.  Spiders  serve  to  control  the  number  of  insects. 
An  animal  which  seems  rather  insignificant  to  us  may  play  an  important  role 
in  the  development  of  conditions  suitable  to  man. 

The  interdependence  and  interrelationships  of  living  things  to  other  living 
things  and  of  living  things  to  the  physical  environment  is  basic  to  the  under- 
standing of  social  issues.  Physical  and  biological  forces  do  not  recognize 
national  borders.  A wind  blowing  in  one  country  may  be  due  to  world- wide 
atmospheric  conditions  and  the  pressure  of  air  in  regions  within  the  borders 
of  other  nations.  Animals  do  not  necessarily  stop  at  national  borders  unless 
tliose  borders  are  natural  barriers,  and  even  then  certain  animals  are  known 
to  cross  many  such  barriers. 

In  science  the  earth  must  be  considered  commonly  as  an  entity;  a disturb- 
ance in  the  physical  or  biological  world  in  one  part  of  the  earth  may  have  sig- 
nificance to  many  other  parts.  In  a community  a fire  in  one  section  is  the 
concern  of  the  entire  community.  A disease  or  a pest  in  one  section  of  the 
world  may  become  the  concern  of  all  peoples.  Nations,  therefore,  should 
learn  to  work  together  in  an  intelligent  way  for  the  welfare  of  all  peoples  of 
the  earth. 

The  natural  resources  of  a country,  such  as  soil,  oil,  coal,  gas,  forests, 
and  pastures,  are  the  result  of  natural  forces  operating  for  millions  of  years. 
People  have  not  created  them,  but  they  frequently  waste  them  through  care- 
lessness and  mismanagement.  Man  can  waste  in  a generation  or  two  what  has 
been  the  result  of  titanic  natural  forces  operating  over  long  periods  of  time. 

Man,  if  he  is  to  remain  civilized,  must  disturb  the  original  balance  of 
nature,  for  only  savagery  can  exist  where  man  does  not  attempt  to  make 
changes.  It  is  man's  task  to  use  the  natural  processes  and  resources  in  such 
a way  that  he  secures  what  he  needs  for  a high  standard  of  living  without 
hazarding  the  welfare  of  future  generations.  Man  need  not  return  to  savagery 
nor  disregard  natural  resources;  he  now  has  science  to  use  in  planning  for 
the  years  ahead.  It  is  incumbent  upon  the  public  schools  to  develop  a genera- 
tion with  ability  to  meet  its  problems,  both  personal  and  social,  with  intelli- 
gence, co-operation,  and  resourcefulness.  This  calls  for  an  appreciation  of 
the  interdependence  of  living  things,  and  of  the  interrelations  of  living  things  v/ 
and  the  physical  forces  and  materials. 

Balance  and  Imbalance — The  Interplay  of  Forces 

As  one  observes  the  many  events  or  phenomena  in  his  environment,  one 
is  impressed  by  the  dynamic  flow  of  events  and  the  energy  involved  in  them. 

If  one  could  be  an  observer  over  centuries,  one  would  be  aware  of  the  titanic 
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forces  in  operation;  but  seen  one  day  at  a time  over  the  short  span  of  a human 
lifetime  these  forces  often  pass  unrecognized.  Some,  such  as  evaporation, 
seem  small,  yet  scattered  over  the  face  of  the  earth,  evaporation  is  tremen- 
dous and  results  finally  in  rain,  snow,  dew,  frost,  weathering,  erosion,  floods, 
blizzards,  and  other  events. 

There  seem  to  be  tendencies  toward  equilibrium  and  balance  in  the  oper-  sj 
ation  of  forces.  In  a normal  atom  it  is  thought  the  positive  electrical  charges 
balance  the  negative  electrical  charges.  It  is  thought  that  a static  electrical 
charge  is  the  result  of  an  imbalance  in  these  electrical  charges.  The  shock 
we  feel  or  the  lightning  flash  we  see  is  the  resulting  establishment  of  equilib- 
rium of  these  charges.  Even  the  thunder  can  be  thought  of  as  a clap  caused 
by  air  rushing  in  where  the  air  was  expanded  by  the  heat  of  lightning. 

We  have  already  spoken  about  the  balance  of  nature.  Man  has  been  ruth- 
less at  times  with  this  balance  and  has  experienced  economic  loss  resulting 
from  dust  bowls,  soil  erosion,  waste  of  resources,  epidemics,  plagues,  and 
pests. 

There  are  forces  operating  also  in  the  structure  of  the  earth.  It  is  thought 
by  some  geologists  that  in  maintaining  balance  these  forces  have  caused  the 
formation  of  mountains,  continents,  and  oceans.  We  witness  earthquakes  and 
volcanic  eruptions  as  a part  of  the  balancing  of  the  earth's  structures. 

It  should  be  kept  in  mind  that  the  sun  is  a great  source  of  energy  and  that 
it  shines  on  the  earth  all  the  time.  It  shines  on  the  other  side  of  the  earth 
while  we  are  having  night.  It  shines,  when  it  is  cloudy,  although  there  are 
clouds  between  us  and  the  sun.  The  sun  then  is  like  a great  solar  engine  which 
furnishes  energy  for  green  plants  to  grow  and  make  food,  for  water  to  evapor- 
ate, and  for  the  movements  of  air  currents  or  wind  and  of  ocean  waves.  The 
movements  caused  by  the  sun's  energy  are  checked  and  modified  by  the  earth's  ^ 
gravity,  its  rotation,  and  to  some  extent  by  friction.  There  is  a tremendous 

sj 

interplay  and  interaction  of  the  forces  in  the  universe. 

Wherever  we  look  we  witness  the  operation  of  forces  and  the  many  evi- 
dences of  balance.  We  also  have  experience  with  the  operation  of  natural  ^ 
forces  in  and  on  our  own  bodies  and  our  own  efforts  to  maintain  balance  and 
equilibrium.  Many  psychologists  explain  learning  at  all  levels  as  a process 
of  attempting  to  gain  intellectual  balance  in  the  face  of  a new  situation,  a prob- 
lem, or  a challenge. 

CONSERVATION  AS  A PATTERN  FOR  BEHAVIOR— DEVELOPING 
RESPONSIBILITY  FOR  OUR  ENVIRONMENT 

As  children  develop  better  understanding  of  the  basic  patterns  of  the  uni- 
verse, they  also  may  acquire  more  intelligent  behavior  in  reference  to  natural  v 
resources,  including  human  resources. 
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Some  courses  of  study  help  to  establish  undesirable  kinds  of  behavior,  as 
when  children  are  encouraged  to  develop  collections  which  in  turn  can  rob  the 
environment.  Sometimes  they  are  instructed  to  bring  to  school  collections 
of  leaves,  twigs,  flowers,  rocks,  minerals,  and  bird  nests. 

We  need  to  develop  in  children  a feeling  of  responsibility  for  the  environ- 
ment. Conservation,  or  intelligent  use  of  natural  resources,  consists  of  a 
kind  of  behavior  as  well  as  a body  of  content.  Before  moving  objects,  animate 
or  inanimate,  out  of  the  environment  and  into  the  classroom,  there  are  many 
major  considerations  which  the  children  may  discuss.  To  whom  does  the  ob- 
ject belong?  Do  I have  the  right  to  take  it  to  school?  Do  I disturb  the  en- 
vironment if  I remove  this  object  from  it?  Am  I destroying  the  natural 
beauty  of  the  environment  by  removing  this  ? Is  the  study  I am  going  to  make 
of  the  object  one  which  merits  its  removal  from  the  environment?  Should  I 
plan  to  return  the  object  to  the  environment  as  soon  as  the  study  is  completed? 
Can  this  object  be  studied  properly  if  it  is  removed  from  the  environment? 

Can  I care  for  it  properly  in  the  classroom?  If  it  is  alive,  does  it  have  a 
chance  to  live  in  the  classroom?  Am  I prepared  to  give  it  the  care  it  needs 
to  survive  ? One  should  keep  in  mind  that  living  things  are  usually  found  in 
an  environment  to  which  they  are  more  or  less  well  adapted. 

DEVELOPING  BEHAVIOR  CONSISTENT  WITH 
HEALTH,  ECONOMY,  AND  SAFETY 

Many  schools  are  now  integrating  health  entirely  with  science  and  the 
social  studies.  Science  provides  the  necessary  background  for  the  teaching 
of  health  information  and  the  development  of  good  health  habits;  therefore, 
a program  of  science  in  terms  of  problems  and  meanings  should  offer  oppor- 
tunity for  the  integration  of  science  and  health. 

The  relation  between  science  and  economy  has  too  long  been  neglected. 
Because  of  his  own  ignorance  of  the  operation  of  biological  and  physical  prin- 
ciples, man  is  at  present  beset  by  a host  of  problems  concerning  international 
economy.  Recent  projects  in  a number  of  countries  are  helping  to  solve  these 
economic  problems  in  local  environments  by  re-establishing  in  the  natural 
forces  a balance  in  favor  of  man's  interests  and  welfare. 

The  relation  of  science  to  the  economic  problems  of  man  is  well  exem- 
plified in  his  struggle  with  pests.  Man  has  carelessly  introduced  exotic  plants 
and  animals  into  almost  all  regions  of  the  world.  Many  of  these  transplanted 
plants  and  animals,  unchecked  by  their  natural  enemies  and  competitors,  have 
multiplied  so  rapidly  that  they  have  brought  havoc  to  the  economic  life  of  the 
nation.  Control  comes  not  alone  from  the  work  of  fact-finding  public  or  pri- 
vate scientific  agencies,  but  also  from  the  intelligent  co-operation  of  the  entire 
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population.  Much  can  be  done  to  secure  this  intelligent  co-operation  through 
an  integrated  program  of  education  in  the  public  schools.  Mankind  cannot 
afford  to  have  another  generation  ignorant  of  the  elementary  biological  prin- 
ciples of  nature. 

Another  similar  problem  is  to  find  ways  to  prevent  loss  of  soil  through 
erosion.  In  almost  any  section  of  our  country  we  can  find  examples  of  the 
terrific  loss  of  natural  resources  resulting  from  the  lack  of  soil  conservation. 
Creating  an  awareness  of  this  problem  in  order  to  bring  about  intelligent  in- 
dividual and  community  action  concerning  it  is  no  small  part  of  the  science 
program  in  the  elementary  school. 

Many  species  of  our  indigenous  plants  and  animals  have  become  extinct 
because  of  man's  ruthlessness  and  ignorance.  Still  others  are  in  danger  of 
being  destroyed.  Man  cannot  continue  to  be  ignorant  of  the  web  of  life  in 
which  he  is  by  nature  involved.  The  elementary  school,  as  the  tool  of  the 
common  people,  should  work  toward  developing  a generation  concerned  with 
the  wise  utilization  of  natural  beauty  and  resources. 

We  cannot  fully  anticipate  the  environment  of  the  future . New  inventions 
may  eliminate  present  hazards  and  create  new  ones,  making  it  impossible  for 
us  to  develop  a code  of  conduct  in  safety  instruction  which  will  be  functional 
for  an  entire  life  span.  It  may  be  well  for  us,  then,  in  safety  instruction,  to 
place  more  emphasis  upon  scientific  principles  which  are  basic  to  safe  con-  1/ 
duct.  Children  at  all  levels  should  be  encouraged  to  enter  into  planning  with 
the  teacher  for  safety  on  all  excursions,  including  the  short  excursion,  even 
though  it  may  be  only  to  the  edge  of  the  school  ground. 

Consideration  should  be  given  to  what  one  should  do  in  case  of  fire  or 
other  disaster  so  that  the  behavior  is  automatic.  Classroom  teachers  and 
parents  can  have  a powerful  influence  over  the  destiny  of  whole  regions  and 
nations  by  developing  in  children  a willingness  and  ability  to  base  their  con- 
duct and  behavior  upon  sound  information.  Safety  education,  as  one  aspect 
of  the  goals  of  conservation,  can  well  be  integrated  into  the  development  of 
responsibility  for  one's  own  behavior  and  for  the  environment. 

A VARIETY  OF  PROCEDURES 

The  teacher  should  look  to  a variety  of  procedures  in  teaching  science. 

It  might  be  well  to  avoid  dropping  into  routine  methods.  Discussion,  instruc- 
tional excursions,  observations,  experiments,  reading,  use  of  visual  aids, 
group  work,  and  planning  all  play  a part  in  the  teaching-learning  situations  in 
science  education.  The  teacher  should  consider  her  own  interests,  tempo, 
and  rhythm  along  with  those  of  the  children.  It  is  important  that  the  teacher 
be  happy  with  the  procedures.  It  is  well  for  the  teacher  to  be  present  as  a 
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participant  in  all  the  procedures.  He  should  be  a learner,  for  good  teaching 
in  science  involves  learning. 

If  there  is  one  term  that  can  be  used  to  specify  the  kind  of  instruction 
appropriate  to  all  phases  of  science  teaching  in  the  elementary  school,  it  is 
"developmental."  In  this  case  it  is  developmental  from  the  point  of  view  of 
children  and  teacher,  both  as  learners.  It  means  the  instruction  develops, 
using  the  experiences  and  knowledge  children  may  have  or  that  can  be  pro- 
vided for  them.  It  is  developmental  in  that  children  may  participate  in  the 
development  of  the  planning  for  the  use  of  experiences,  experiments,  dis- 
cussion, and  authentic  materials  to  provide  solutions  to  problems.  The  new 
learning  is  made  acceptable  to  the  children  by  the  nature  of  its  development 
in  instruction.  Children  are  given  time  to  internalize  new  learning,  integrat- 
ing it  with  their  experiences  and  ideas.  It  is  important  in  this  development 
to  provide  opportunity  for  an  idea  to  be  tossed  about  in  the  thinking  of  a group, 
to  be  tested  through  simple  experimentation,  if  appropriate,  or  through  ob- 
servation, to  be  talked  about  at  home,  and  to  be  checked  against  authoritative 
books . 

In  any  consideration  of  teaching  methods,  the  primary  concern  in  elemen- 
tary education  is  what  kinds  of  boys  and  girls  are  being  developed.  All  of  us 
need  to  be  cautious  that  our  procedures  do  not  become  devices  and  ends  in 
themselves.  Therefore,  evaluation  should  be  an  integral  part  of  instruction 
rather  than  something  done  at  the  end  of  a period  of  instruction. 

At  all  times  in  teaching  it  is  well  for  the  teacher  to  know  at  what  point 
the  children  are  in  a given  development.  In  this  Manual  suggestions  are 
given  the  teacher  as  to  ways  in  which  he  can  secure  this  information.  It  is 
well  also  to  find  out  how  the  children  think,  that  is,  the  type  of  thought  struc- 
ture they  have.  Such  questions  as  "What  do  you  think?"  "Do  you  think  so? 
Why?"  "Why  do  you  say  that?"  "How  would  you  get  the  information?"  "Do 
you  think  that  is  information  we  should  accept?  " will  give  the  teacher  evidence 
as  to  how  children  think  and  where  they  are  in  their  development. 

Regardless  of  how  the  instruction  at  any  point  is  initiated,  vital  teaching 
recognizes  the  concepts  children  may  have  on  a subject  or  problem.  So  it  is 
well  for  the  teacher  to  provide  opportunity  for  them  to  express  their  ideas, 
however  incomplete  or  inaccurate,  in  order  that  misconceptions  may  be 
brought  into  the  open.  It  is  most  important  that  they  be  allowed  to  express 
themselves  without  the  fear  of  censure  or  ridicule,  although  at  times  there 
can  be  the  enjoyment  of  childish  humor  and  fun  without  personal  damage. 

Very  frequently  children's  concepts  have  originality  and  imagination. 
Their  concepts  also  provide  opportunities  for  evaluation  of  preceding  work  and 
reveal  the  kind  of  instruction  needed  for  the  clarification  of  ideas.  The  authors 
of  this  series  have  profound  respect  for  the  natural  ideas  developed  by  children. 
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Every  child  needs  an  adult  who  will  sympathetically  and  intelligently  listen 
to  him.  If  such  a person  could  be  provided  for  more  children,  we  would 
need  fewer  corrective  institutions. 

STUDYING  CHILDREN  WHILE  TEACHING  SCIENCE 

Teachers  will  find  their  teaching  enriched  if  they  will  study  children  as 
they  teach.  Science  with  its  challenging  content  and  its  rich  contribution  to 
the  attitudes  and  behavior  of  both  adults  and  children  offers  unique  opportun- 
ities for  the  study  of  children. 

The  greatest  concern  in  studying  children  is  not  how  much  information 
children  have  secured,  important  as  that  may  be.  Rather,  the  main  emphasis 
should  be  on  what  kind  of  boys  and  girls  we  have.  What  kind  of  thinking  do 
they  do?  What  are  their  outlooks  upon  the  world?  Are  these  outlooks  con- 
structive and  democratic?  Do  the  children  think  for  themselves?  Are  they 
developing  good  ways  of  thinking?  Are  they  learning  to  be  resourceful? 

At  all  times  teachers  should  be  alert  to  the  kinds  of  behavior  changes 
txiat  children  are  making.  The  teacher  may  ask:  "Are  the  children  developing 
dogmatic  attitudes,  or  are  they  willing  to  consider  new  ideas?  Are  they  tend- 
ing to  accept  every  idea  they  hear  without  hesitation?  Do  they  look  for  further 
evidence  before  drawing  conclusions?  Are  they  learning  to  use  authoritative 
books?  Do  they  report  on  out-of-school  experiences  in  a wholesome  way? 

Do  they  propose  explanations?  Are  they  learning  to  plan?  Will  they  work 
with  others?  " 

In  this  kind  of  study  it  must  be  recognized  that  behavior  may  reflect  the 
home  and  the  general  background  of  the  children.  A dogmatic  parent  may 
cause  a child  to  be  gullible. 

It  should  be  kept  in  mind  that  it  is  the  behavior  in  which  a child  has  had 
some  degree  of  freedom  of  choice  which  is  the  most  useful  for  evaluation. 

The  closely  worded  or  directed  question  of  the  quiz  program  and  the  rigid 
recitation  have  little  significance  in  evaluating  behavior.  In  a sense  it  is  the 
spontaneous  behavior  of  children — the  proposal  of  something  to  do,  the  inquiry, 
the  choice  of  language  in  indicating  open-mindedness,  the  critical-mindedness, 
poise,  resourcefulness,  the  challenge  of  a statement,  the  willingness  to  con- 
sider new  ideas  and  to  take  on  new  duties,  the  use  of  old  learning  in  new  situa- 
tions and  learning — which  is  useful  in  evaluation.  All  of  this  seems  to  favor 
a type  of  discussion  in  science  instruction  which  allows  for  freedom  of  ex- 
pression and  thinking. 

It  is  recognized  in  this  that  teachers  need  to  study  children  as  individuals 
and  as  groups  and  from  a total,  rounded-out  point  of  view  of  education.  The 
contention  here  is  that  science  with  its  profound  meanings  offers  unique 
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potentialities  in  studying  children  from  this  view.  Children  should  not  be 
evaluated  as  if  the  development  in  behavior  relating  to  science  were  isolated 
from  another  aspects  of  their  lives.  Science,  as  the  interpretation  of  the  en- 
vironment, should  be  thought  of  as  an  intrinsic  part  of  the  life  of  children  in  the 
modern  world,  a part  that  may  be  an  important  factor  in  building  desirable  be- 
havior. 

A DYNAMIC  EDUCATION  FOR  CHILDREN 

The  preservation  and  advancement  of  democracy  depends  to  no  small 
extent  on  the  behavior  patterns  developed  in  children.  We  do  not  know  what 
the  future  will  be.  In  a sense  we  must  educate  children  for  uncertainty. 

This  does  not  imply  that  we  need  be  pessimistic  about  the  problems  these 
children  will  face  in  the  future.  Rather,  we  can  be  confident  that  if  we  assist 
them  to  develop  democratic  and  resourceful  behavior,  they  v/ill  make  their 
own  future. 

It  is  the  contention  here  that  the  outlook  of  children  toward  their  environ- 
ment and  universe  is  the  very  core  of  the  development  of  a resourceful  ad- 
justment to  the  future.  While  incidents  play  an  important  part  in  making 
learnings  meaningful,  science  should  not  be  incidental  in  the  lives  of  children. 
Instruction  limited  to  talking  about  science  and  a description  of  objects  and 
events  is  not  in  keeping  with  the  dynamic  urges  of  children  and  will  not  serve 
to  help  them  cope  with  the  problems  of  today  and  tomorrow. 

There  is  a need  for  a positive  and  dynamic  program  for  children,  one 
which  develops  a feeling  on  the  part  of  children  of  being  needed  by  our  de- 
mocracy, in  times  of  peace  as  well  as  war.  Children  are  needed  not  alone  for 
their  own  nation  but  to  assume  responsibility  for  work  toward  a better  world. 

There  may  be  opportunities  for  children  and  teacher  to  work  to  improve 
conditions  in  the  classroom,  in  the  school,  on  the  school  grounds,  and  in  the 
community.  In  this  way,  they  can  see  how  science  is  used. 

Science  will  continue  to  play  an  important  role  in  the  lives  of  our  children. 
It  is  a powerful  tool  which  can  be  used  for  good  or  evil,  and  children,  the  adults 
of  the  future,  will  have  to  decide  which  way  it  shall  be  used. 

It  is  most  important  to  the  success  of  our  way  of  life  that  children  have  a 
favorable  attitude  toward  science.  Science  should  not  seem  foreign  or  exotic 
to  them.  Science  viewed  as  the  result  of  the  age-old  drive  of  mankind  to  ad- 
just himself  to  his  environment  and  to  maintain  his  own  equilibrium  in  the 
welter  of  biological  and  physical  forces  carries  with  it  a larger  point  of  view 
than  a purely  vocational  one.  Science  is  the  result  of  man's  experience  and 
logical  thinking  through  the  centuries.  Science,  like  democracy  or  the  mother 
tongue,  belongs  to  all  who  wish  to  make  use  of  it.  Children  should  be  made  to 
feel  that  science  belongs  to  everyone. 
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Science  instruction  should  be  a pleasant  experience  for  both  teachers  and 
children.  Teachers  should  feel  relaxed  with  children  while  teaching  it.  In- 
terest in  science  should  be  maintained  at  all  levels.  The  instruction  should 
be  freed  from  busy  work  and  the  meaningless  drudgery  types  of  assignments. 
Exhaustive  and  overly  specialized  units  should  be  avoided. 

Boys  and  girls  must  learn  to  handle  and  to  experiment  intelligently  with 
the  forces  and  materials  of  the  universe.  Unintelligent  tampering  and  care- 
lessness bring  disease,  ugliness,  waste  of  natural  resources,  unemployment, 
poverty,  war,  and  widespread  unhappiness.  Children  must  develop  a poised, 
well-balanced,  yet  realistic  outlook  upon  the  modern  world.  They  must  learn 
that  by  working  resourcefully  and  intelligently  they  can  create  their  own  world 
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PURPOSE  AND  PLAN  OF  EXPERIMENTING  IN  SCIENCE 


As  a group,  teachers  have  become  increasingly  aware  of  the  importance 
of  science  in  our  democracy,  in  all  the  things  we  have  associated  with  our 
culture  and  in  our  world  as  a whole.  Children  interact  with  this  world  of  ours 
and  through  this  interaction  build  meanings. 

Many  of  the  ideas  which  the  children  build  through  their  experiences  and 
the  behavioral  actions  that  result  stem  from  the  area  called  science.  In  the 
past,  too  much  emphasis  has  been  placed  on  evaluating  children's  concepts  on 
the  basis  of  what  is  wrong  with  their  ideas.  Teachers  in  the  elementary 
school  have  long  recognized  that  it  is  important  to  know  when  children's 
ideas  are  in  error.  However,  it  is  important  to  balance  this  with  an  approach 
which  stimulates  positive  growth  of  children's  ideas  and  a reasoned,  well- 
poised  basis  for  their  actions. 

This  growing  feeling  of  teachers  in  the  elementary  school  has  been  dis- 
cussed in  great  detail  in  the  Foreword  to  this  Manual.  Experimenting  in 
Science  has  been  based  on  the  purposes  of  science  in  childhood  education  as 
presented  in  the  Foreword. 

Three  clearly  defined  criteria^  have  formed  the  basis  for  selecting  the 
content  of  Experimenting  in  Science: 

1.  The  content  has  been  selected  from  those  scientific  conceptions  which, 
when  understood,  greatly  influence  the  thought  reactions  of  the  in- 
dividual and  which  have  modified  thinking  in  many  fields. 

2.  The  content  has  been  selected  from  these  goals  (information,  skills, 
and  habits)  in  science  that  are  important  because  of  their  function  in 
establishing  health,  economy  and  safety  in  private  and  public  life. 

3.  The  content  has  been  selected  from  those  facts,  principles,  general- 
izations, and  hypotheses  of  science  which  are  essential  to  the  inter- 
pretation of  the  natural  phenomena  which  commonly  challenge  children. 


PLAN  OF  EXPERIMENTING  IN  SCIENCE 

Energy,  its  importance  and  its  effects  on  plants,  animals,  man,  and  the 
physical  environment,  forms  the  central  theme  of  Experimenting  in  Science. 
The  first  chapter  "Energy  Everywhere"  gives  a general,  over-all  view  of 
energy.  Such  concepts  as  sound,  light,  heat,  electrical  energy,  atomic 
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energy,  the  release  of  energy  from  fuels,  the  sun's  energy,  the  use  of  energy 
by  plants  and  animals,  energy  sources  in  the  earth  and  many  other  concepts 
serve  to  orient  children  to  the  wealth  of  energy  with  which  they  are  sur- 
rounded. This  first  chapter  develops  a broad  picture  of  energy.  It  is  in- 
tended as  a working-picture  the  nature  of  which  is  schematic. 

As  you  and  the  children  work  with  the  succeeding  chapters,  material  is 
provided  through  which  the  original  schematic  picture  of  energy  can  be  given 
detail  which  is  full  and  rich  with  depth  and  perspective.  For  example,  the 
discussion  of  the  sun's  energy  in  the  first  chapter  is  explained  further  in  the 
second  chapter.  The  physical  relationship  of  the  sun  and  earth  is  developed 
to  show  why  we  have  seasonal  change  on  the  earth.  This  is  approached 
through  the  concept  of  the  way  energy  varies  in  relation  to  areas  of  the  earth. 
In  chapters  three  and  four,  the  picture  is  given  more  detail  in  terms  of  the 
way  changes  in  energy  on  the  earth's  surface  affect  plants  and  animals  living 
on  the  earth. 

Each  succeeding  chapter  gives  greater  depth  to  the  meaning  of  energy 
and  as  a result  to  the  working  picture  of  energy  which  the  child  is  filling  in 
and  evolving  as  part  of  his  conceptual  framework. 

An  inspection  of  the  contents  of  Experimenting  in  Science  will  show  the 
wide,  diversified  areas  which  are  considered. 

Energy  Everywhere 

Why  the  Seasons  Change 

Energy  and  Plant  Growth 

Animals  and  Seasonal  Change 

The  Milky  Way  and  Beyond 

Light  Energy  All  Around  Us 

Plants  and  Animals  Live  in  Communities 

Using  Water,  Soil,  and  Forests  Wisely 

Our  Earth  - A Huge  Magnet? 

Machines  to  Direct  Energy 

The  Earth's  Airways  and  Beyond 

Making  the  World  a Healthful  Place 

Energy  is  the  unifying  theme  which  ties  together  these  various  areas 
into  a comprehensive,  understandable  whole. 

The  sequence  of  chapters  has  been  developed  as  a result  of 
knowledge  and  of  experience  with  eleven-  and  twelve-year-olds  as 
they  cope  with  such  materials.  You  may  wish  to  use  the  chapters 
in  this  order.  However,  you  should  feel  free  to  change  this 
arrangement  if  it  seems  wise  to  do  so  as  you  work  with  your  children 
in  your  situation. 
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YOU  AND  THE  MANUAL 

This  Manual  has  been  written  and  planned  for  the  purpose  of  making 
suggestions  which  might  be  helpful  as  you  and  your  children  work  with 
Experimenting  in  Science.  The  ideas  given  in  this  Manual  are  purely  sug- 
gestions and  you  should  not  feel  that  you  are  bound  by  them  in  any  way. 

With  this  in  mind  each  chapter  of  the  Manual  has  been  organized  on  the 
following  plan: 

An  introduction 

Science  Meanings  for  Children 
Information  for  the  Teacher 
W'ays  of  Working  with  Children 
Materials  Needed 

A discussion  of  end-of-chapter  activities 

Further  Activities 

Evaluation 

Bibliography 

Films 

Filmstrips 

INTRODUCTION 

The  introduction  gives  a brief,  thumb-nail  sketch  of  the  chapter  in  as 
few  words  as  possible. 

SCIENCE  MEANINGS  FOR  CHILDREN 

In  this  section  the  various,  important  meanings  which  are  developed  in 
the  chapter  are  pulled  out  and  enumerated  for  your  inspection.  As  you 
glance  at  these  meanings,  you  will  have  an  indication  of  those  concepts  which 
the  authors  have  felt  were  important  and  toward  which  the  children  might  be 
guided  in  their  conceptual  growth.  This  listing  may  guide  you  in  your 
planning,  in  the  kinds  of  supplementary  activity  which  you  encourage  children 
to  have,  as  well  as  in  your  evaluation  of  the  learning  which  has  resulted  from 
the  study  of  the  chapter. 


INFORMATION  FOR  THE  TEACHER 

This  section  is  not  intended  to  be  a comprehensive  coverage  of  the  con- 
tent or  subject  matter  of  the  chapter.  For  a comprehensive  treatment  of  the 
content  included  in  these  chapters  one  should  refer  to  Science  for  the 
Elementary-School  Teacher  by  Gerald  S.  Craig. 


This  section  is  intended  to  provide  some  additional  material  which  you 
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may  find  helpful.  It  also  highlights  and  summarizes  the  content  and  some 
activities  which  are  included  in  the  chapter.  Important  aspects  of  the  con- 
tent are  also  pinpointed  and  some  of  the  implications  of  the  content  are  dis- 
cussed. Throughout,  there  has  been  an  attempt  to  be  concise  and  to  the 
point.  This  position  has  been  adopted  because  it  is  recognized  that  elemen- 
tary school  teachers  are  busy  and  it  is  important  that  their  time  not  be  wasted. 

WAYS  OF  WORKING  WITH  CHILDREN 

Specific  suggestions  are  made  for  ways  of  stimulating  and  enhancing  the 
value  of  the  material  for  the  children.  These  suggestions  in  relation  to  each 
chapter  concern  experiments  and  demonstrations,  observation,  reading, 
field  trips,  utilizing  resource  people,  and  discussions. 

The  general  framework  out  of  which  the  specific  suggestions  have  come 
stems  from  a very  definite  view  of  the  teaching- learning  process.  This 
point  of  view  is  one  which  is  not  characterized  by  haste,  but  one  which  sug- 
gests that  teachers  and  children  relax.  Do  not  hurry  from  one  content  item 
to  another.  Such  hurry  creates  a false  pressure  upon  you  and  your  children. 

It  will  also  tend  to  inhibit  critical  thinking.  As  much  as  possible,  we  should 
attempt  to  get  in  step  with  the  natural  tempo  and  rhythm  of  children. 

Throughout  the  specific  suggestions  contained  in  this  section,  there  is 
the  intent  that  opportunities  be  provided  for  the  children  to  react  to  the 
learning  through  discussion,  special  reports,  and  interviews.  These  types 
of  activity  provide  time  for  learning  elements  to  be  absorbed,  to  be  thought 
over,  and  to  become  acceptable  in  a real  sense.  We  might  think  of  this  process 
as  "internalizing,"  that  is,  it  is  a process  by  which  children  take  the 
learning,  inspect  it,  turn  it  over  in  their  minds,  and  consider  it  in  relation 
to  other  material  which  they  have  already  learned.  A more  detailed  account 
of  the  need  for  such  time  and  the  process  involved  is  contained  in  The 
Development  of  Scientific  Concepts  in  a Young  Child:  a case  study  by 
John  G.  Navarra.^ 

You  will  also  find  that  the  specific  suggestions  contained  in  this  section 
for  each  unit  encourage  children  to  do  original  and  creative  thinking  for 
themselves.  There  are,  of  course,  degrees  of  critical  thinking;  but  there 
are  opportunities  at  all  levels  to  improve.  The  thinking  of  children  in  the 
sixth  grade  is  not  as  refined  as  the  thinking  of  a scientist  within  his  own 
area  of  specialization;  but  the  thinking  of  eleven  and  twelve  year  old  children 


^Navarra,  John  G.,  The  Development  of  Scientific  Concepts  in  a 
Young  Child:  a case  study.  (Bureau  of  Publications,  Columbia 
University,  1955) 
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displays  elements  which  can  be  reinforced,  refined,  and  improved  under  the 
guidance  of  a skillful  teacher.^ 

No  single  procedure  is  advocated  as  the  best  way  of  working  with  chil- 
dren. You  will  find  that  a variety  of  specific  procedures  are  indicated.  In 
some  of  the  earlier  chapters,  attention  is  focused  on  ways  of  opening  up  the 
chapter  with  the  children.  This  is  not  carried  on  through  every  succeeding 
chapter  since  it  is  felt  that  as  you  test  out  some  of  these  suggestions  you  will 
carry  on  those  you  find  practical  and  acceptable  in  your  situation.  In  each 
chapter  of  this  Manual,  the  suggestions  are  varied  and  new  suggestions  are 
continually  introduced.  These  provide  an  element  of  challenge  throughout 
and  also  allow  you  to  try  out,  select,  build,  and  develop  your  own  successful 
procedures. 


MATERIALS  NEEDED 

A list  is  included  in  each  chapter  to  provide  at  a glance  the  minimum 
materials  which  the  group  will  need  to  perform  the  experiments  and  demon- 
strations in  the  text.  As  you  will  note,  these  are  common  materials  which 
usually  can  be  secured  from  the  local  community.  You  may  also  find  this 
list  will  help  as  you  plan  your  methods  procedures  and  additional  activities. 


END-OF-CHAPTER  ACTIVITIES 

As  you  will  note,  specific  notes,  suggestions,  and  references  are  made 
in  relation  to  the  section  of  activities  for  children  found  at  the  end  of  each 
chapter  in  Experimenting  in  Science.  These  notes  immediately  precede  the 
section  on  Further  Activities.  They  are  designed  to  aid  you  as  you  work 
over  the  topics  and  activities  included  in  this  last  section  of  each  chapter. 

FURTHER  ACTIVITIES 

A variety  of  additional  activities  are  suggested  in  each  chapter  of  the 
Manual.  They  are  designed  to  lead  the  children  out  into  a further  explora- 
tion of  a particular  topic.  You  should  not  feel  that  you  are  limited  by  this 
list.  Rather  it  offers  suggestions  which  should  stimulate  the  children  to 
find  additional  topics  for  examination  and  study. 

EVALUATION 

In  this  section  you  will  find  suggestions  for  evaluating  the  children's 
growth  and  behavior.  Again,  it  should  be  pointed  out  that  the  suggestions 

^Hill,  Katherine.  Children's  Contributions  in  Science  Discussions 
(Bureau  of  Publications,  Columbia  University,  1947). 
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are  varied.  As  you  select  your  methods  of  working  with  children,  you  should 
also  be  considering  the  selection  of  your  evaluation  procedures.  Evaluation 
is  a process  which  goes  hand  in  hand  with  the  teaching- learning  process.  As 
you  experiment  with  teaching  procedures,  you  will  also  want  to  experiment 
with  procedures  of  evaluation. 

The  final  choice  as  to  procedure  is  up  to  you.  You  will  find  that  some 
suggestions  made  in  the  earlier  chapters  as  to  evaluation  procedures  are 
not  contained  in  later  chapters.  Other  suggestions  and  techniques  are 
developed  in  later  chapters.  As  you  work  with  your  children,  you  may 
evolve  and  develop  techniques  out  of  the  variety  of  suggestions  which  are 
particularly  suited  to  you  and  your  group.  You  should  feel  free  to  carry 
these  procedures  over  from  each  chapter. 


BIBLIOGRAPHY  FOR  CHILDREN 

These  lists  are  highly  selective.  Each  book  has  been  examined  as 
to  its  appropriateness  to  the  topic  as  well  as  in  relation  to  a reading  level 
range  usually  found  in  this  age  group.  There  are  variations  in  the  reading 
level  of  any  group,  so  some  of  the  books  may  be  more  appropriate  to  one 
segment  of  your  group  and  others  more  appropriate  to  another  segment. 

The  list  of  books  included  in  this  section  of  each  chapter  is  not 
exhaustive.  It  is  rather  suggestive  of  some  of  the  material  which  can  be 
found  in  the  field  and  which  you  may  suggest  to  children.  You  should  not 
feel  bound  or  limited  to  this  particular  list. 

You  will  note  that  each  book  has  received  only  one  listing  in  this 
Manual,  that  is,  a particular  book  is  listed  under  only  one  chapter.  This 
is  the  chapter  for  which  it  is  most  appropriate.  However,  a particular 
book  may  be  used  with  profit  in  connection  with  more  than  one  chapter. 

This  will  best  be  determined  by  you  and  your  children  as  they  seek  addi- 
tional sources  of  information. 

An  important  part  of  the  learning  undertaken  by  the  children  will  be  the 
seeking  of  additional,  reliable  sources  of  information  for  questions  and 
topics  which  arise  during  the  study  of  a particular  chapter.  The  use  of  a 
library  is  an  important  part  of  the  science  experience.  The  sources  will 
be  most  meaningful  when  the  children  themselves  have  sought  them  out  in 
relation  to  a particular  concern  or  purpose  of  their  own.  They  should 
also  be  encouraged  to  evaluate  the  reliability  of  these  sources  which  they 
use  for  additional  information. 
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FILMS  AND  FILMSTRIPS 

These  listings  are  also  selective.  They  include  those  films  and  film- 
strips which  seem  most  appropriate  to  this  level  and  to  each  particular 
chapter.  You  should,  of  course,  not  feel  bound  by  these  lists.  You  will 
want  to  select  your  films  and  filmstrips  in  relation  to  specific  purposes  which 
you  and  your  group  of  children  set.  There  are  many  other  films  and  film- 
strips which  you  may  feel  are  particularly  appropriate  during  some  phase 
of  the  topic  which  your  children  are  investigating. 
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I • ENERGY  EVERYWHERE 


The  main  focus  in  this  chapter  is  on  the  pervasiveness  of  energy. 
Energy  is  truly  everywhere.  The  evidence  of  this  energy  is  in  the  vast 
amount  of  movement  which  is  taking  place  all  around  us.  Air  is  moving, 
clouds  are  moving,  birds  are  in  flight,  animals  are  moving  across  the  sur- 
face of  the  earth,  and  we  too  are  moving.  The  uses  of  energy  are  described 
through  discussion  of  the  various  kinds  of  energy  which  the  children  meet  in 
the  normal  course  of  living.  There  is  a basic  and  challenging  treatment  of 
the  sun  as  an  energy  source  which  is  atomic  in  nature.  The  concept  of 
fuels  and  their  use  to  release  energy  is  treated  through  simple  demonstra- 
tions which  are  in  the  immediate  experience  of  children.  Atomic  energy  is 
developed  in  a positive  way  as  a further  step  in  man's  use  of  fuels  to 
produce  energy. 


SCIENCE  MEANINGS  FOR  CHILDREN 

In  "Energy  Everywhere"  children  may  be  helped  to  gain  an  understanding 
of  energy  and  the  importance  of  energy  in  our  lives.  As  children  explore 
and  discover  for  themselves  new  learnings  in  this  area,  it  is  hoped  that  they 
will  become  aware  of  the  constant  search  of  man  for  ways  of  using  energy 
more  effectively. 

Each  child  will  bring  to  this  particular  area  of  science  many  observa- 
tions and  experiences.  The  extent  to  which  each  individual  gains  new  mean- 
ings as  this  area  is  explored  and  experienced  will  also  differ.  The  following 
meanings  may  be  helpful  as  a guide  in  using  the  materials  in  this  chapter: 

A change  of  any  kind  involves  energy. 

There  are  many  forms  of  energy  (chemical,  electrical,  mechanical, 

light,  sound,  heat  are  a few  which  are  mentioned  and  demonstrated) 

Long  before  man  knew  much  about  the  sun,  he  was  able  to  use  its  energy. 

The  energy  of  the  sun  is  produced  from  atoms.  We  are  still  learning 
about  the  atomic  energy  of  the  sun. 

Energy  is  released  when  we  use  a fuel  properly. 

Everything  is  made  of  small  moving  particles  called  atoms.  The  outer 
parts  of  an  atom  are  called  electrons. 

Electrical  energy  is  a movement  of  electrons. 

There  is  "stored  sunlight"  in  coal. 

Long  before  people  lived  on  the  earth,  great  bodies  of  water  called 
bays  covered  most  of  North  America.  The  plants  which  formed 
coal  grew  in  the  swamp  forests  of  long  ago. 

Petroleum  was  probably  formed  by  the  remains  of  small  animals 
and  plants  that  were  much  like  those  we  find  in  some  shale 
and  limestone  today. 
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A number  of  other  fuels,  such  as  gasoline,  kerosene,  and  diesel  oil  are 
made  from  the  natural  fuel  called  petroleum. 

Wind  is  brought  about  mainly  by  gravity  and  the  energy  of  the  sun.  Man 
has  used  and  is  learning  to  use  the  energy  of  wind  power. 

Man  has  learned  how  to  benefit  from  the  energy  of  moving  water. 

There  are  vast  quantities  of  energy  inside  the  atom. 

The  problem  in  the  use  of  atomic  energy  is  to  release  the  energy  so  it 
can  be  used  when  needed  to  run  machinery. 

Uranium  is  one  fuel  which  is  being  used  to  release  atomic  energy. 


INFORMATION  FOR  THE  TEACHER 

On  pages  5 and  6 the  concept  that  everything  done  by  living  things  in- 
volves the  use  of  energy  is  developed.  This  is  developed  principally  around 
the  idea  that  nothing  moves  without  energy.  Whenever  an  object  moves, 
work  is  a result  of  that  movement.  To  start  an  object  moving,  energy  is 
needed  to  overcome  the  inertia  of  the  body.  The  continued  movement  of  an 
object  necessitates  that  there  be  a continued  expenditure  of  energy. 

On  pages  7 and  8 the  fact  that  a change  of  any  kind  involves  energy  is 
illustrated  through  a number  of  experiments  and  demonstrations.  They  have 
been  selected  for  the  ease  with  which  the  materials  may  be  procured  and 
for  the  challenge  and  interest  they  will  arouse  in  the  children. 

Man  is  concerned  with  the  different  kinds  of  energy  that  help  him  do  his 
work.  Historically,  man  used  his  own  muscle  energy  to  do  his  work.  Dis- 
covery followed  discovery  and  eventually  man  harnessed  the  muscle  energy 
of  animals  to  make  his  work  easier.  Man  constantly  searched  for  ways  of 
making  his  work  easier.  He  found  that  the  energy  of  the  wind  could  be  used 
to  sail  boats.  Wind  was  used  to  provide  the  energy  for  the  first  machines 
that  were  not  driven  by  the  energy  of  man's  muscles.  During  the  Middle 
Ages  windmills  were  used  to  grind  grain.  In  some  places  today  the  energy 
of  the  wind  is  used  in  pumping  water  or  generating  electricity.  However, 
since  wind  changes  in  its  intensity,  it  is  not  a very  reliable  source  of  power. 

Wind  energy  is  important  in  many  ways.  Wind  moves  the  clouds  over 
the  earth's  surface  and  distributes  rain  for  crops,  lakes,  and  rivers.  The 
driving  power  behind  the  wind  is  really  energy  from  the  sun.  The  earth's  ^ 
surface  is  heated  unequally.  Air  expands  and  becomes  lighter  when  it  is 
heated.  Colder  heavier  air  pushes  this  lighter  air  up.  This  movement  ^ 
coupled  with  other  forces  such  as  gravity  brings  about  the  movement  of  air 
we  call  wind. 

Energy  from  the  sun  is  basic  to  many  of  the  energy  sources  which  man 
utilizes.  Water  power  is  among  these  energy  sources  which  are  dependent  \y 
on  energy  from  the  sun.  This  concept  is  developed  extensively  on  pages 
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23  and  24.  Man  has  learned  how  to  use  the  energy  of  falling  water  to  replace 
muscle  energy.  At  first  he  used  water  to  push  against  a paddle  wheel.  The 
water  moved  the  wheel,  and  this  resulted  in  work  being  done.  Today  the 
principle  of  the  old-fashioned  mill  wheel  is  used  in  huge  water  turbines  that 
are  used  to  generate  electricity. 

On  pages  10,  11,  12,  13  and  14  electricity  is  described  as  another  form 
of  energy  which  does  work  for  us.  It  can  be  changed  into  heat  energy  when 
we  use  a toaster,  an  iron,  or  an  electric  stove.  Electrical  energy  runs 
motors,  rings  bells,  and  supplies  us  with  light  at  night  when  the  light  energy 
from  the  sun  is  not  available  to  us. 

Just  as  electrical  energy  can  be  changed  into  heat  and  light  energy,  so 
can  other  forms  of  energy  be  changed  into  electrical  energy.  Falling  water, 
burning  coal,  and  wind  may  be  used  to  produce  electrical  energy.  Electricity 
may  also  be  produced  from  the  action  of  certain  chemicals,  as  in  a dry  cell 
or  a storage  battery  when  wires  are  connected  to  form  a circuit. 

On  pages  14  and  15  the  principle  of  the  sun's  energy  is  discussed.  This 
section  deals  briefly  with  the  fact  that  the  sun  is  made  of  millions  of  atoms; 
and  the  energy  of  the  sun  is  really  atomic  energy.  On  pages  15,  16,  17,  18, 

19,  20,  and  21  the  concept  is  developed  that  coal  and  petroleum  are  fuels 
through  which  we  utilize  the  sun's  energy  of  long  ago.  Coal  was  formed 
many  millions  of  years  ago.  At  that  time  huge  trees  and  other  plant  life  grew 
in  great  abundance.  Plants  utilized  the  sun's  energy  to  produce  plant  food 
and  growth.  As  time  passed,  these  plants  fell  into  the  swamps  in  which  they 
were  growing.  The  chemical  process  of  decay  and  the  mechanical  folding  of 
the  rocks  which  surrounded  the  coal  beds  gradually  changed  these  plant  re- 
mains into  the  coal  we  use  today.  On  pages  19,  20  and  21  the  formation  of 
petroleum,  its  dependence  on  the  sun's  energy,  and  the  method  of  recovery 
from  the  rock  structures  in  which  it  is  trapped  are  discussed. 

The  section  on  Atomic  Energy  on  pages  25  and  26,  although  brief  at  this 
point,  is  very  important.  The  manner  of  its  presentation  relies  upon  the 
previous  development  of  fuels  contained  in  the  earlier  sections  of  this  chapter. 
The  concept  developed  is  that  atomic  energy  is  a part  of  man's  larger  and 
long-range  concern  with  energy  and  energy  sources. 

WAYS  OF  WORKING  WITH  CHILDREN 

Since  energy  is  a theme  which  runs  through  the  succeeding  chapters  of 
Experimenting  in  Science,  it  is  suggested  that  the  meanings  developed  in 
"Energy  Everywhere"  be  developed  early  in  the  school  year. 

You  may  want  to  introduce  the  study  of  energy  by  taking  your  group  out 
into  the  schoolyard  and  observing  different  kinds  of  movement.  In  a city. 
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children  may  see  paper  being  carried  by  the  wind,  buses  and  cars  moving 
along  the  street,  a policeman  signaling  traffic  to  move  on,  a semaphore 
changing  from  red  to  green,  people  walking,  clouds  floating  in  the  sky,  an 
airplane  flying  overhead. 

Children  in  the  country  may  see  a truck  moving  down  the  highway, 
cattle  grazing  in  a nearby  pasture,  a farmer  harvesting  his  crop.  Some 
signs  of  movement  will,  of  course,  be  observed  by  children  no  matter  what 
environment  they  may  be  living  in. 

Instead  of  going  out-of-doors,  children  may  make  some  of  these  same 
observations  from  the  windows  of  the  classroom.  This  first  experience  is 
to  help  the  group  become  aware  of  the  many  things  around  them  that  move. 
This  will  tie  in  with  speculation  introduced  in  the  book  concerning  what 
energy  is.  These  observations  and  the  discussion  concerning  them  can  also 
help  to  clarify  the  fact  that  we  see  what  energy  does,  but  we  don't  see 
the  energy. 

Perhaps  when  you  and  your  group  were  out-of-doors,  you  heard  a siren 
blow  or  a train  whistle.  During  the  discussion  you  may  wish  to  propose  such 
questions  as,  "Did  you  hear  the  factory  whistle?"  "Do  you  think  there  was 
any  movement  involved  when  we  heard  the  whistle?"  "What  kind  do  you 
think  it  was?"  "What  kind  of  energy  was  used?"  Encourage  children  to 
express  their  ideas  or  form  hypotheses. 

At  this  point  in  the  discussion,  you  may  wish  to  introduce  and  consider 
the  illustrations  on  pages  4 and  5 of  Experimenting  in  Science.  They  serve 
to  bring  out  other  examples  of  movement,  some  of  which  some  children 
may  not  have  observed.  As  children  discuss  the  various  examples 
of  movement  in  the  illustrations,  they  may  want  to  compare  them  with  the 
list  of  observations  they  made.  You  might  make  a list  of  their  observations 
and  their  analysis  of  the  items  contained  in  the  opening  spread. 

The  other  illustrations  in  this  chapter  may  also  serve  to  broaden  chil- 
dren's understanding,  to  motivate  discussions,  and  to  clarify  children's  con- 
cepts of  energy.  Some  of  the  illustrations  like  the  one  on  page  7 suggest 
experiments  which  a child  or  a small  group  of  children  may  do  for  the  class. 
The  printed  material  on  that  page  also  will  help  the  child  or  small  group  in 
doing  the  experiment  in  preparation  for  discussion  with  the  class.  Still 
other  illustrations  like  the  one  on  page  12,  along  with  the  text,  suggest  other 
experiments  children  may  do  in  the  classroom. 

Children  usually  like  to  repeat  experiments.  This  repetition  can  be 
directed  and  used  to  develop  the  understanding  that  observations  and  con- 
clusion must  be  checked  carefully  against  the  experiments,  observations, 
and  conclusions  of  others.  It  is  the  intention  of  the  authors  that  the  ex- 
periment with  chemical  energy  on  page  7,  examining  a new  and  old  dry  cell 
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described  on  page  12,  as  well  as  others  throughout  the  remainder  of  the 
chapter,  be  done  by  children.  Children  learn  through  reading  and  discussing. 
They  also  learn  by  seeing,  feeling,  and  manipulating. 

Recording  information  may  help  children  in  organizing  their  ideas. 
Recording  the  results  of  an  experiment  done,  making  diagrammatic  charts 
representing  information  read,  making  lists,  are  kinds  of  recording  activities 
which  you  may  encourage  children  to  undertake. 

Additional  suggestions  for  various  ways  of  working  with  children  are 
contained  in  the  section  on  "Learning  More  About  Energy"  in  this  Manual. 
These  suggestions  are  made  in  relation  to  specific  activities,  but  they  can 
carry  over  to  other  facets  of  the  work  when  you  think  they  are  applicable. 


MATERIALS  NEEDED 


You  will  need  the  following  materials  for  the  experience  and  experiments 
suggested  in  the  chapter.  Energy  Everywhere: 


pancake  batter 
hot  griddle 
baking  soda 
tumbler 

measuring  spoons 
lemon  juice 
water 


a new  dry  cell 

an  old  dry  cell 

a flashlight  bulb  and  socket 

insulated  copper  wire 

hammer 

knife 


LEARNING  MORE  ABOUT  ENERGY 


(See  suggestions  for  children,  page  27,  Experimenting  in  Science) 

1.  A committee  of  children  may  wish  to  make  a chart  showing  the  different 
ways  electricity  is  used.  They  may  want  to  illustrate  the  chart  with  their 
own  drawings  or  pictures  cut  from  old  magazines.  Have  the  committee 
share  their  chart  with  others  in  the  group.  Instead  of  a chart,  the 
committee  may  want  to  record  their  findings  in  the  form  of  a bulletin- 
board  display. 

2.  In  writing  a story,  children  may  draw  on  some  of  their  observations  and 
experiences.  Some  children  may  want  to  do  reference  work  in  the  school 
or  public  library  to  get  information  that  will  help  in  writing  the  story. 

Have  children  read  their  stories  to  others. 

3.  The  list  of  fuels  made  by  individuals  might  be  extended  and  made  into 
pictorial  charts  showing  how  each  fuel  is  used  in  order  to  release  energy 
from  it. 

4.  Helping  children  become  aware  of  the  big  source  of  energy  for  their 
community  may  develop  into  a trip  into  the  community  where  children 
may  learn  more  about  energy.  A map  spotting  where  these  energy 
sources  are  may  help  the  group  become  more  aware  of  their  community. 

5.  Some  children  may  wish  to  show  the  development  of  methods  of  transporta- 
tion pictorially  or  by  the  use  of  models.  There  are  usually  individuals 
within  a group  who  are  stimulated  to  go  beyond  the  learnings  of  others  in 
the  group. 

6.  In  finding  such  information,  you  may  help  children  in  exploring  the 


TEACHERS'  MANUAL  • 13 


resources  of  the  library.  Some  of  the  books  listed  at  the  end  of  this 
chapter  may  also  be  useful.  Magazines  also  appear  from  time  to  time 
which  have  information  that  some  children  may  find  stimulating.  Children 
may  also  want  to  check  on  the  authenticity  of  the  material  found  in 
magazines. 


FURTHER  ACTIVITIES 

1.  Have  a committee  make  a report  on  the  products  of  coal  or  petroleum. 
They  may  want  to  bring  samples  of  some  of  these  products  and  make 

a display. 

2.  Make  pictorial  charts  showing  the  different  kinds  of  energy  changes.  For 
example,  one  chart  may  be  labeled  "Electrical  Energy".  Put  a picture 
of  a toaster  with  the  caption  under  it,  such  as  "A  toaster  changes 
electrical  energy  to  heat  energy."  Another  picture  showing  an  electric 
stove  may  have  a similar  caption  under  it,  and  so  on.  Make  similar 
charts  for  the  other  kinds  of  energy. 

3.  Make  a model  of  clay  or  papier-mach^  showing  the  layers  of  coal.  Along 
with  the  text,  the  diagram  on  page  19  will  be  helpful.  Make  careful  labels. 

4.  Make  a model  of  clay,  papier-mach^,  or  plasticine  showing  how  petroleum 
is  trapped  in  the  ground.  Label  the  various  layers.  The  diagram  on 
page  21,  along  with  the  text,  will  be  helpful. 

5.  This  is  an  experiment  that  shows  energy  change.  Get  a tin  can  that  has 
a cover.  Fill  the  can  about  half  full  of  sand.  Put  a thermometer  in  the 
sand  and  record  the  temperature.  Remove  the  termometer,  put  the 
cover  on  the  can,  and  shake  the  can  about  a hundred  times.  Remove  the 
cover  and  take  the  temperature  of  the  sand.  The  mechanical  energy  used 
to  shake  the  can  produces  a rise  in  temperature  in  the  sand. 


EVALUATION 

"What  evidences  of  growth  in  terms  of  plannings,  discussing,  evaluating 
did  I see  among  my  group  today?  Did  the  children  enjoy  what  we  did?  Did 
some  children  participate  who  have  not  ordinarily  done  so?"  These  or 
similar  questions  may  be  ones  you  may  ask  yourself  as  you  evaluate  the 
progress  of  children  in  science.  Evaluation  is  part  of  the  teaching  process. 

It  helps  you  as  you  do  your  daily  planning.  It  helps  your  boys  and  girls  and 
you  as  you  plan  together.  Evaluation  is  done  in  terms  of  the  purposes  set 
by  you  and  your  group.  The  following  suggestions  may  be  helpful  as  you 
plan  ways  of  evaluating  children's  experiences  in  this  area  of  science. 

1.  Have  children  as  a group  summarize  the  important  learnings  from 
this  study.  This  will  give  an  opportunity  to  clarify  and  organize  ideas. 

2.  Have  children  evaluate  their  ways  of  working,  individually  or  in  a 
group.  Did  each  child  contribute  to  the  planning?  Was  a variety  of 
sources  of  materials  used  in  gathering  information?  Did  the  various 
committees  assume  responsibility  for  getting  materials  in  doing  the 
experiments? 

3.  The  children  may  wish  to  invite  another  group  in  to  see  their  charts, 
the  models,  and  drawings  made,  thereby  bringing  out  important 
learnings. 
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4.  Through  the  drawings,  models,  and  the  charts  made  by  children,  the 
teacher  can  evaluate  the  learnings  of  children  gained  through  reading, 
discussing,  listening,  and  observing. 
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Films: 

The  Story  Of  Coal  — 1 reel  b/w  (KB) 

Pictures  how  coal  is  formed  and  how  it  is  used. 

How  We  Get  Our  Power  — 1 reel  b/w  (YAF) 

Explains  how  all  our  power  comes  from  nature  — from  wind,  water, 
fuels,  explosives,  and  the  atom. 

Solids,  Liquids  and  Gases  — 1 reel  b/w  (YAF) 

Demonstrates  how  a substance  can  be  changed  from  one  state  of  matter 
to  another  depending  on  the  application  of  heat  or  cold. 

Water  Works  For  Us  — 1 reel  b/w  (YAF) 

Illustrates  the  many  ways  in  which  water  works  for  us  in  our  everyday 
life. 

Filmstrips: 

How  Water  Power  Produces  Electricity  — b/w  (PD) 

All  Matter  Has  Three  Forms  — b/w  f^F) 

Water  And  Its  Work— b/w  (YAF) 
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II  • WHY  THE  SEASONS  CHANGE 


A comparative  look  at  three  sections  of  the  globe  during  the  same  month 
of  the  year  raises  the  question  as  to  why  the  Southern  Hemisphere  warms  up 
during  the  same  months  of  the  year  that  the  Northern  Hemisphere  cools  off. 
The  concept  of  the  tilted  earth  and  the  movement  of  the  earth  around  the  sun 
coupled  with  the  way  beams  of  sunlight  strike  and  spread  out  over  this  tilted 
earth  contribute  toward  an  understanding  of  the  regular  progression  of  the 
seasons  in  the  two  hemispheres.  A series  of  unique  experiments  gives  the 
children  a basis  for  interpreting  the  changes  they  observe  as  summer,  fall, 
winter,  and  spring  follow  each  other  in  a regular  cycle. 


SCIENCE  MEANINGS  FOR  CHILDREN 

Many  of  the  science  meanings  developed  in  this  chapter  will  become  a 
part  of  each  child's  understanding  as  he  performs  the  experiments  and 
demonstrations  suggested  in  the  text.  Each  child  in  your  group  will  be  able 
to  make  some  of  these  meanings  a part  of  his  thinking.  Do  not  feel  dis- 
appointed if  some  children  do  not  immediately  grasp  each  of  the  meanings 
developed.  But  through  discussion,  repetition  of  experiences,  and  time  for 
internalizing  and  thinking  things  over,  each  child  will  build,  add,  and  enlarge 
the  concepts  with  which  he  operates  and  is  familiar.  These  are  some  of  the 
science  meanings  develooed  in  this  chapter: 

All  places  on  earth  have  some  sort  of  seasonal  change. 

The  seasons  in  the  Northern  and  Southern  Hemispheres  are  just  re- 
versed. When  it  is  autumn  in  the  Northern  Hemisphere,  it  is  spring 
in  the  Southern  Hemisphere. 

The  sun  is  always  shining  on  the  earth. 

The  earth  rotates  once  on  its  axis,  causing  day  and  night.  Half  the  earth 
is  turned  toward  the  sun.  Half  is  in  the  shadow. 

The  earth  as  it  rotates  also  moves  around  the  sun.  It  takes  our  spinning 
earth  approximately  36 5t  days  to  make  a complete  revolution. 

When  the  light  energy  from  the  sun  strikes  the  surface  of  the  earth,  it 
changes  to  heat  energy. 

Light  energy  from  the  sun  produces  different  amounts  of  heat  energy  in 
different  parts  of  the  earth. 

The  amount  of  surface  the  sunlight  spreads  over  affects  the  temperature 
of  that  place.  When  light  covers  a small  space,  the  heat  of  the 
area  increases.  When  the  same  amount  of  light  spreads  over  a 
larger  area,  the  heat  spreads  out,  too,  resulting  in  lower 
temperatures. 

The  amount  of  surface  that  is  lighted  and  heated  changes  as  the  surface 
tilts.  Because  the  earth  tilts,  different  parts  of  the  earth  change 
their  positions  in  relation  to  the  sun. 
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There  are  more  hours  of  sunlight  in  the  summer  than  in  the  winter. 

The  north  pole  of  the  earth  always  points  in  the  direction  of  the 
North  Star. 

The  way  sunlight  strikes  our  tilted  earth  is  one  reason  for  seasonal 
change. 

As  our  spinning  earth  moves  around  the  sun,  the  seasons  on  the  earth 
change . 


INFORMATION  FOR  THE  TEACHER 

When  it  is  winter  in  the  Northern  Hemisphere,  it  is  summer  in  the 
Southern  Hemisphere.  When  it  is  summer  in  the  Northern  Hemisphere,  it 
is  winter  in  the  Southern  Hemisphere.  The  seasons  in  the  Northern  and 
Southern  Hemispheres  are  just  reversed.  If  distance  from  the  sun  were 
the  cause  of  seasonal  changes,  we  should  be  having  summer  all  over  the 
earth  when  the  sun  is  closest  to  the  earth  and  winter  when  the  sun  is  farthest 
from  the  earth.  However,  this  is  not  so.  Actually  the  earth  is  closest  to 
the  sun  during  the  month  of  December.  But  in  the  month  the  Northern  Hem- 
isphere is  having  winter  the  Southern  Hemisphere  is  having  summer. 

Seasonal  change  depends  on  other  conditions  than  the  earth's  distance 
from  the  sun.  The  axis  of  the  earth  tilts  at  an  angle  of  about  2^  degrees 
away  from  the  perpendicular  line  dropped  from  the  sun  to  the  plane  of  the 
earth's  orbit  around  the  sun.  Because  the  earth  tilts,  the  sun's  beams  strike 
the  earth  more  or  less  perpendicularly  in  the  areas  around  the  equator  dur- 
ing the  entire  year.  Light  energy  from  the  sun  changes  to  heat  energy  when 
it  strikes  the  earth's  surface.  The  more  direct  beams  of  sunlight  produce 
high  temperatures  at  sea  level  in  the  equatorial  regions  most  of  the  year. 

The  sun's  beams  fall  more  and  more  directly  over  surfaces  in  the 
Northern  Hemisphere  during  May  and  June.  On  June  21  or  22  the  direct 
beams  of  the  sun  reach  their  most  northern  point  at  the  Tropic  of  Cancer. 
During  May,  June  and  July,  the  Northern  Hemisphere  receives  more  direct 
light  and  heat  energy  than  at  any  other  time  of  the  year.  At  this  time  the 
sun's  beams  strike  the  area  around  the  north  pole.  In  June  the  sun  never 
sets  or  rises  in  the  Arctic  Circle.  The  sun  appears  to  move  in  a continuous 
circle  above  the  horizon.  The  part  of  Norway  which  lies  in  this  area  is 
called  "The  Land  of  the  Midnight  Sun." 

From  the  north  polar  regions,  where  there  are  24  hours  of  sunlight  each 
day  in  jime,  south  to  the  equator  the  hours  of  sunlight  gradually  diminish. 

As  we  move  south  of  the  equator,  the  days  grow  shorter  and  shorter  at  this 
time  of  the  year.  At  the  south  pole  the  earth  receives  little  or  no  light  or 
heat  energy  from  the  sun  for  24  hours  a day.  The  night  is  said  to  be  24 
hours  long. 

During  August  and  September  the  spinning  earth  continues  on  its  path 


TEACHERS'  MANUAL  • 17 


around  the  sun.  The  beams  of  the  sun  strike  the  equator  more  or  less 
directly  or  perpendicularly.  On  September  22  or  23,  the  autumnal  equinox, 
there  are  approximately  12  hours  of  sunlight  everywhere  on  the  earth.  The 
sun's  beams  spread  out  evenly  from  the  equator  northward  to  the  north  pole 
and  southward  to  the  south  pole. 

The  following  three  months,  as  the  earth  continues  onward  in  its  orbit, 
sunlight  falls  more  and  more  directly  on  the  Southern  Hemisphere.  On 
December  22  the  direct  beams  of  the  sun  fall  on  the  Tropic  of  Capricorn. 
During  November,  December,  and  January,  the  Southern  Hemisphere  receives 
a greater  amount  of  light  and  heat  energy  from  the  sun  than  at  any  other  time 
of  the  year.  The  regions  within  the  Antarctic  Circle  have  daylight  for  24 
hours  each  day  in  December.  Now  it  is  the  land  of  the  midnight  sun  which 
the  north  polar  regions  are  having  continual  darkness. 

During  January,  February  and  March,  the  earth  still  moves  on  in  its 
orbit.  On  March  21  or  22,  the  spring  or  vernal  equinox,  days  and  nights 
are  again  of  equal  length  everywhere  on  the  earth.  In  the  Southern  Hemi- 
sphere it  is  the  beginning  of  autumn;  in  the  Northern  Hemisphere  it  is  the 
beginning  of  spring. 

The  seasons  change  because  the  earth  tilts  on  its  axis  and  moves  around 
the  sun.  When  the  Northern  Hemisphere  is  having  winter,  spring,  summer, 
and  autumn,  the  Southern  Hemisphere  is  having  the  opposite  seasons, — 
summer,  autumn,  winter,  and  spring. 


WAYS  OF  WORKING  WITH  CHILDREN 

This  chapter  does  not  necessarily  need  to  follow  the  first  chapter, 
"Energy  Everywhere."  However,  those  concepts  relating  to  energy  in 
connection  with  light,  heat,  and  seasonal  change  will  have  more  meaning 
when  built  on  the  general  concept  of  energy  developed  in  the  first  chapter. 

In  the  autumn  children  living  in  most  parts  of  the  Northern  Hemisphere  will 
notice  that  the  number  of  hours  of  sunlight  are  growing  less,  and  the  air  is 
growing  cooler.  They  see  changes  in  the  plants  and  animals  found  in  their 
environment. 

Have  children  tell  what  September  is  like  where  they  live.  If  some 
children  have  lived  in  other  places,  have  them  relate  what  September  was 
like  there.  You  may  wish  to  make  a list  of  their  statements  to  point  up  any 
likenesses  or  differences  in  September.  On  a map  of  the  world,  have  chil- 
dren locate  the  places  they  mentioned.  Are  they  all  located  in  the  Northern 
Hemisphere?  Are  some  of  the  places  near  the  equator?  Are  some  of  the 
places  in  the  Southern  Hemisphere? 

At  this  point  you  may  wish  to  introduce  the  group  to  the  illustrations  on 
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pages  28  and  29  in  Experimenting  in  Science . Locate  Omaha,  Belem  and 
Buenos  Aires  on  a world  map  or  globe.  In  what  hemispheres  are  these 
places  located?  Discuss  with  the  children  what  the  text  says  about  Sep- 
tember in  these  three  places.  How  does  September  there  compare  with 
September  where  we  live?  What  makes  these  differences?  Encourage 
children  to  give  their  ideas  as  to  why  the  Southern  Hemisphere  warms  up 
during  the  same  months  of  the  year  that  the  Northern  Hemisphere  cools  off. 
Help  the  group  recall  from  their  experiences  in  the  first  chapter  that  both 
light  and  heat  energy  jome  from  the  sun. 

Most  of  the  learnings  from  this  chapter  will  be  gained  by  having  children 
do  the  experiments  and  demonstrations  before  the  group.  Children  like  to 
experiment.  Some  experiments  may  be  done  by  an  individual  for  the  rest  of 
the  group,  like  the  one  described  on  page  31  in  Experimenting  in  Science. 

You  will  want  to  provide  time,  however,  in  your  program  for  the  others  in  the 
group  to  repeat  the  experiments  and  demonstrations  given  before  the  entire 
group.  Much  learning  is  gained  by  each  individual  as  he  works  through  an 
experiment  or  demonstration. 

At  other  times  a committee  may  work  out  an  experiment  and  present  it 
to  the  remainder  of  the  group.  The  experiment  on  page  34  showing  how  light 
heats  a small  space,  and  the  one  on  page  36  showing  how  light  spreads  out  on 
tilted  surfaces,  might  be  done  by  two  different  committees. 

Throughout  this  chapter,  "Why  the  Seasons  Change,"  the  illustrations  along 
with  the  text  will  be  useful  in  helping  children  get  the  materials  they  need  and 
in  following  directions  for  doing  the  experiment  or  demonstration. 

Helping  children  to  summarize  their  findings  for  a particular  period  is 
an  important  element  of  the  teaching  process.  It  would  be  well  for  children 
to  summarize  what  they  have  learned  in  connection  with  one  problem  before 
going  on  to  another.  For  example,  after  doing  the  experiments  and  verifying 
their  observations  through  reading  in  connection  with  the  problem,  "How  sun- 
light strikes  the  earth",  the  children  may  want  to  make  summary  sentences 
much  like  those  listed  on  page  37  of  Experimenting  in  Science.  The  sen- 
tences children  give  may  be  recorded  on  a chart  for  reference  at  a later  time. 

As  children  do  the  experiments  and  demonstrations,  it  is  important  that 
the  teacher  relate  their  observation  to  the  real  sun  and  the  real  earth  and 
seasonal  change.  An  individual  or  a committee  under  the  guidance  of  the 
teacher  might  do  the  demonstrations  on  the  movement  of  the  earth  around 
the  sun  suggested  on  pages  41-50.  Help  the  children  see  that  the  light  used 
to  represent  the  real  sun  is  much  too  small  in  comparison  to  the  globe  that 
represents  the  earth.  Our  sun  is  a million  times  larger  than  our  earth. 

It  would  be  impossible  to  get  a light  that  large  into  a room.  The  relative 
distance  of  the  globe  representing  the  earth  and  the  light  representing  the 
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sun  is  also  not  accurate.  To  show  that  distance,  the  sun  would  need  to  be 
about  two  miles  away.  It  is  also  important  to  bring  out  that  as  the  earth 
moves  around  the  sun,  it  is  spinning  on  its  axis.  The  sun,  too,  is  not 
stationary,  but  moves  through  space  as  the  earth  rotates  and  revolves 
around  the  sun. 

In  doing  the  demonstrations  on  pages  41-50,  have  the  children  check  the 
illustrations  given  in  the  text  to  see  whether  they  have  set  their  demonstra- 
tion up  correctly.  Encourage  children  to  check  their  observations  with 
those  explained  in  the  text. 

Take  plenty  of  time  to  do  the  demonstrations.  It  may  take  several  days. 
You  will  want  to  have  children  move  around  during  the  demonstrations  so 
they  can  see  how  the  light  falls  on  the  globe  of  the  earth  in  different  positions. 
If  you  allow  plenty  of  time  for  children  to  observe  and  ask  questions,  you  will 
be  able  to  detect  points  of  confusion  and  be  able  to  clarify  them.  You  will 
want  to  repeat  the  demonstration  several  times.  Vary  it  by  having  a child 
demonstrate  why  Buenos  Aires  has  its  winter  season  in  June  and  July.  Or 
demonstrate  the  season  Buenos  Aires  is  having  when  we  are  having  our 
summer  vacation. 

Making  a chart  similar  to  the  one  suggested  on  page  45  of  Experimenting 
in  Science  will  be  most  helpful  as  your  children  make  their  observations. 
When  they  have  finished  their  records,  they  will  want  to  check  them  with 
those  given  in  the  text. 

You  may  want  to  put  the  globe  and  light  on  a table  at  the  side  or  back  of 
the  room  for  several  days  and  give  children  the  opportunity  to  repeat  the 
demonstration,  counting  the  lighted  clay  balls,  and  checking  their  record. 

If  each  child  can  work  through  the  demonstration,  he  will  have  a better  under- 
standing of  the  reasons  for  seasonal  change. 


MATERIALS  NEEDED 


magnifying  glass 
outdoor  thermometer 
pair  of  scissors 
a flashlight 

piece  of  paper  rolled  into  a tube 
3 pieces  of  cardboard,  12"  square 
crayon 


tennis  ball 
2 common  pins 
electric  light 
clay 

toothpicks 
globe  on  a stand 
cardboard  for  label 


LEARNING  MORE  ABOUT  SEASONS 


(See  suggestions  for  children,  page  51,  Experimenting  in  Science) 

1.  You  might  guide  children  in  grouping  their  activities  as  to  games  we  play 
in  different  seasons,  the  clothing  we  wear,  the  food  we  eat. 

2.  During  the  day  the  children's  shadows  will  be  the  shortest  at  twelve  o'clock 
noon  when  the  sun  appears  overhead.  When  the  shadows  are  made  a month 
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later,  their  length  will  depend  on  whether  days  are  growing  longer  or 
shorter.  On  June  22  the  shadows  will  be  extremely  short,  for  at  this 
time  the  sun  is  at  its  highest  point  in  the  Northern  Hemisphere  for  the 
year.  In  July  the  shadows  will  lengthen  slowly,  while  in  September  and 
October  they  will  lengthen  more  rapidly.  On  December  22  in  the  Northern 
Hemisphere,  the  shadows  are  the  longest  they  will  be  for  the  year. 

3.  Some  children  may  want  to  keep  their  record  in  the  form  of  a bar  graph 
or  a chart.  Such  a record  of  sunrise  and  sunset  will  help  children  notice 
whether  the  hours  of  sunlight  are  increasing  or  decreasing  according  to  the 
particular  season  approaching.  In  answering  the  two  questions,  guide 
children  into  rereading  the  text  to  help  them  in  getting  the  answers.  They 
may  wish  to  use  the  globe  of  the  earth  with  the  clay  balls  on  it  to  help 
them  in  arriving  at  an  answer. 

4.  Children  may  want  to  use  the  globe  of  the  earth  and  a light  in  demonstrat- 
ing their  explanation  of  the  rotation  of  the  earth. 

5.  The  city  in  Europe  would  be  having  these  seasons;  March-spring;  June- 
summer;  September-autumn;  December-winter.  The  city  in  Australia 
would  be  having  these  seasons:  March-autumn;  June-winter;  September- 
spring; December-summer. 

6.  In  the  Northern  Hemisphere  in  the  autumn  the  sun  appears  to  rise  almost 
due  east  and  set  almost  due  west.  In  the  winter  the  sun  seems  to  rise 
south  of  east  and  set  south  of  west.  In  the  summer  the  sun  appears  to 
rise  north  of  east  and  set  north  of  west.  The  children  will  need  to  use  a 
marker  as  a tree  or  post,  to  help  them  in  making  these  observations. 


FURTHER  ACTIVITIES 

1.  Make  a large  pictorial  map  of  the  Western  Hemisphere.  Have  children 
make  illustrations  showing  what  people  might  be  doing  in  December  in  the 
Northern  Hemisphere  and  in  the  Southern  Hemisphere.  Place  the  illus- 
trations in  the  proper  hemisphere.  The  title  of  the  map  might  be 
"December  in  the  Northern  and  Southern  Hemispheres."  Committees 
might  make  a series  of  these  pictorial  maps — one  for  March,  June,  and 
September  in  the  hemispheres. 

2.  Perhaps  you  like  one  season  better  than  another  because  you  enjoy  playing 
the  sports  that  are  associated  with  that  season,  or  you  like  spring  and 
summer  weather.  If  you  could  live  where  you  could  always  enjoy  your 
favorite  sport  or  season,  where  would  you  travel  on  the  earth? 

3.  You  might  like  to  do  this  experiment  to  see  how  a beam  of  sunlight  changes 
from  day  to  day.  Get  a piece  of  cardboard  about  12  inches  square.  Cut 

a four-inch  square  from  the  center  of  it.  Put  the  cardboard  on  the  window- 
pane  where  the  sun  will  shine  through  the  opening.  Then  place  a piece  of 
paper  on  the  top  of  a table  or  desk  in  the  spot  of  sunlight.  Draw  around 
the  spot  of  sunlight.  Write  the  date  and  exact  time  on  the  sheet  of  paper. 

A week  later  do  the  experiment  again.  Do  it  exactly  at  the  same  time  and 
put  the  paper  in  the  same  place  as  before.  You  may  want  to  repeat  the 
experiment  in  another  week  or  two.  Look  at  the  shapes  of  the  spots  of 
sunlight.  Notice  whether  the  shapes  change.  Observe  whether  the  spot 
gets  closer  to  or  further  away  from  the  window. 

4.  You  probably  have  observed  that  in  your  community  a season  may  arrive 
earlier  or  later  than  the  official  day  of  the  beginning  of  the  season.  For 
example,  the  official  day  of  the  winter  season  is  December  22  in  the 
Northern  Hemisphere,  but  where  you  live  it  may  have  been  cold  long  before 
that.  Perhaps  the  first  snowstorm  occurred  the  last  of  October  or  begin- 
ning of  November.  Find  out  the  highest  and  lowest  daily  temperatures  in 
your  community  for  one  of  the  seasons.  Does  the  season  begin  before  or 
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after  the  actual  beginning  of  the  season  with  the  calendar  dates?  Does 
the  season  end  before  or  after  the  actual  end  of  the  season  with  the 
calendar  dates? 

5.  You  know  that  our  earth  is  tilted.  Because  of  this,  beams  of  sunlight  affect 
the  amount  of  heat  energy  the  earth  gets.  This  is  an  experiment  you  can 
do  so  you  can  see  what  happens.  Fill  the  lids  of  two  shoe  boxes  with  dry 
garden  soil.  Place  an  outdoor  thermometer  in  each  lid.  Cover  the  bulbs 
of  each  of  the  thermometers  with  the  soil.  Prop  up  the  one  lid  on  the 
window  sill  so  that  it  is  almost  in  an  upright  position  as  the  beams  of 
sunlight  strike  it.  Leave  the  other  lid  flat  on  the  window  sill  where  sun- 
light strikes  the  soil  in  this  position.  Leave  the  two  boxes  of  soil  for 
about  10  minutes.  In  which  soil  is  the  temperature  higher?  How  do  the 
beams  of  sunlight  strike  the  two  boxes  of  soil?  Record  the  temperatures 
in  both.  Which  beams  of  sunlight  produce  the  more  heat  energy  in 

the  soil? 

6.  Make  a chart  showing  the  time  of  sunrise  and  sunset  of  cities  north  and 
south  of  the  place  where  you  live.  Use  one  of  these  dates:  June  22, 
September  23,  December  22,  or  March  21.  The  World  Almanac  will  help 
you  in  finding  this  information.  After  you  have  completed  your  chart,  you 
will  be  able  to  answer  these  questions:  Are  the  days  longer  or  shorter  on 
the  particular  date  you  chose  in  the  cities  north  of  where  you  live?  Are 
they  longer  or  shorter  in  the  cities  south  of  where  you  live?  Do  you 
know  why?  You  may  want  to  check  back  into  the  chapter  for  your  reasons. 


EVALUATION 

From  time  to  time  as  you  and  your  children  work  through  the  experiments 

and  demonstrations  in  this  chapter,  and  as  they  read  and  discuss,  evaluation 

will  play  an  important  part  in  your  children's  growth.  The  following  sugges- 
tions may  be  useful  as  you  observe  the  progress  of  each  child: 

1.  Are  the  children  making  more  careful  observations? 

2.  Do  children  ask  questions  when  they  do  not  understand? 

3.  Do  children  understand  the  experiment  or  demonstration  as  it  contributes 
to  problem  solving?  Are  children  relating  these  experiences  to  the  cause 
of  seasonal  change? 

4.  Do  children  respect  the  ideas  of  others  in  the  group?  Are  children  work- 
ing more  co-operatively? 

5.  Do  children  handle  materials  for  experiments  and  demonstrations  more 
effectively? 

6.  Observe  whether  children  go  to  the  table  where  materials  are  placed  and 
work  through  experiments  and  demonstrations  to  gain  more  understanding 
or  do  they  use  that  time  unwisely? 

7.  Notice  whether  children  gain  understanding  as  they  ask  questions  or 
make  an  explanation. 

8.  Have  children  make  diagrammatic  drawings  showing  the  earth  in  relation 
to  the  sun  at  the  different  seasons.  Do  their  drawings  show  understanding 
of  seasonal  change? 

9.  You  might  test  children's  understandings  by  using  both  pictures  and 
words.  Your  topics  might  be  similar  to  these:  Describe  December 
in  Northern  United  States  or  Canada  and  Argentina.  Compare  June 
in  the  Northern  and  Southern  Hemispheres.  Describe  September 
along  the  Amazon  River. 
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Films: 

Sun,  Earth  and  Moon  — 1 reel  b/w  (A IF) 

John  Kieran  explains  graphically  as  well  as  pictorially  the  reasons  for 
day  and  night,  as  well  as  the  seasons  of  the  year  in  various  parts  of  the 
hemisphere. 

The  Earth  And  Its  Seasons  — 1 reel  b/w  (KB) 

Explains  clearly  why  we  have  changes  of  seasons. 

What  Causes  The  Seasons  — 1 reel  b/w  (YAF) 

Explains  how  the  inclination  and  revolution  of  the  earth  cause  our 
different  seasons. 

What  Makes  Day  And  Night — 1 reel  b/w  (YAF) 

Demonstrates  that  the  alternation  of  day  and  night  is  due  to  the 
rotation  of  the  earth. 


Filmstrips: 

Our  Earth  Is  Moving  — color  (CurrF) 
Nature  In  The  Four  Seasons  — color  (EGF) 
Our  Earth  In  Motion—  color  (JH) 

The  Sun  And  Our  Seasons  — color  (JH) 
What  Makes  Weatiier  — color  (JH) 
Climate— color  (JH) 

The  Changing  Seasons—  color  (PSP) 

Why  The  Seasons?— b/w  (SVE) 

Day  And  Night— b/w  (YAF) 

The  Seasons  — b/w  (YAF) 

Climates  — color  (YAF) 

Weather  — color  (YAF) 
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III  • ENERGY  AND  PLANT  GROWTH 


The  material  in  this  chapter  presents  information  on  the  role  of  energy 
sources  within  and  also  outside  the  plant.  The  importance  of  the  sun's 
energy  in  the  manufacture  of  food  is  explained  in  terms  of  the  role  of  water, 
minerals,  light,  and  heat.  The  manner  in  which  plants  continue  on  the  earth 
is  also  described  and  illustrated  by  simple  experiments  and  demonstrations. 


SCIENCE  MEANINGS  FOR  CHILDREN 

The  children  in  your  group  will  have  formed  many  concepts  concerning 
plant  growth.  For  example,  they  will  know  that  plants  need  water,  warmth, 
and  sunlight  to  grow.  However,  in  this  chapter,  the  meanings  developed 
place  the  emphasis  on  energy  and  its  relation  to  growth. 

These  are  some  of  the  meanings  which  your  group  will  gain  as  they 
discuss,  experiment,  observe,  and  read: 

A great  amount  of  energy  is  locked  inside  a seed. 

Green  plants  need  light  energy  from  the  sun  to  make  food  in  their  leaves. 

Plants  need  water  to  manufacture  their  supply  of  energy. 

Plants  cannot  use  water  when  it  is  frozen  in  the  ground. 

Plants  need  certain  mineral  elements  for  proper  growth. 

In  late  summer  or  early  autumn  when  there  is  less  heat  and  light  energy, 
deciduous  trees  lose  their  leaves.  Evergreen  trees  lose  their 
leaves  at  any  time  of  the  year. 

Plants  are  able  to  make  use  of  changing  amounts  of  light  and  heat  energy. 

Non-green  plants  cannot  use  light  energy  from  the  sun  to  make  food;  they 
must  use  the  chemical  energy  of  green  plants  to  grow. 

The  amount  of  light  energy  received  by  a region  has  a great  deal  to  do 
with  the  kinds  of  plants  that  can  grow  there. 

Each  kind  of  plant  can  grow  best  at  a certain  temperature. 

Plants  have  been  on  the  earth  a long,  long  time. 

Some  plants  continue  from  one  year  to  another  by  storing  food  in  seeds 
or  underground  parts. 

During  the  winter  some  plants  go  into  a resting  stage.  When  the  weather 
was  warm,  they  formed  buds  in  which  the  next  year's  flowers  and  leaves 
are  found.  When  there  is  again  enough  heat  and  light  energy  and 
water,  these  buds  help  the  plant  to  grow  quickly. 

Changing  amounts  of  light  and  heat  energy  and  water  affect  the  way  plants 
grow  from  season  to  season  and  from  one  part  of  the  earth  to  another. 

INFORMATION  FOR  THE  TEACHER 

To  grow,  plants  need  energy.  For  a seed  to  germinate,  the  young 
plant  uses  the  energy  in  the  food  stored  in  the  seed.  However,  this 
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food  is  not  enough  to  keep  the  young  plant  growing  for  any  length  of  time. 

To  continue  growth,  the  plant  must  make  more  food.  The  plant  uses  this 
food  to  supply  chemical  energy  for  further  growth. 

In  making  food,  a plant  must  contain  chlorophyll,  the  green  material 
found  in  leaves  and  stems.  Light  energy  from  the  sun  is  necessary  for 
green  plants  to  make  food  in  their  leaves.  In  addition  to  sunlight  in  the 
process  of  food-making,  leaves  also  use  the  carbon  dioxide  gas  which  is 
present  in  the  atmosphere.  The  carbon  dioxide  gas  enters  the  leaves  through 
openings,  or  stomata,  on  the  underside  of  the  leaves.  Plants  also  need  water 
to  manufacture  food.  Through  the  root  hairs,  water  enters  the  roots  and  is 
conducted  through  the  stems  into  the  leaves.  In  the  presence  of  sunlight, 
these  materials, — carbon  dioxide  gas,  water,  and  chlorophyll, — undergo  a 
chemical  reaction  in  the  leaves.  The  result  of  this  change  is  sugar  and 
oxygen.  The  plant  changes  most  of  the  sugar  into  starch.  In  this  form  it 
is  then  stored  in  seeds  and  other  parts  of  the  plant. 

Plants  that  have  no  chlorophyll  cannot  manufacture  their  own  food. 

Plants  such  as  mushrooms,  toadstools,  and  molds  are  called  fungi.  They 
must  get  their  energy  for  growth  from  dead  or  living  things.  For  example, 
a mushroom  gets  its  foods  from  living  or  dead  wood  or  leaves.  Bread  mold, 
which  is  another  fungus,  gets  its  food  from  bread  or  moist  grain. 

In  addition  to  sunlight,  chlorophyll,  carbon  dioxide  gas,  and  water,  plants 
also  need  certain  mineral  elements  that  are  used  in  the  process  of  photosynthesis 
or  food-making.  To  make  chlorophyll  itself,  a plant  needs  iron  and  magnesium. 
Other  important  mineral  elements  needed  by  plants  for  growth  of  roots,  stems, 
leaves,  and  flowers  are  potassium,  calcium,  iron,  sulphur,  phosphorus,  and 
nitrogen.  These  minerals  are  in  the  water  found  in  soil. 

A special  kind  of  agriculture  called  hydroponics  may  become  a very 
useful  way  of  producing  large  quantities  of  food  in  the  future.  In  hydroponic 
farming  plants  are  grown  in  water  to  which  have  been  added  the  necessary 
mineral  elements  for  growth. 

In  the  autumn  when  the  days  grow  shorter  than  the  nights,  some  regions 
of  the  earth  receive  less  light  and  heat  energy  from  the  sun.  In  such  regions 
the  water  in  the  soil  freezes.  Then  plants  live  under  desert-like  conditions. 
Plants  have  no  water  to  use  in  the  manufacture  of  food.  Plants  survive  these 
changes  in  different  ways.  Deciduous  trees  lose  their  leaves.  Before  the 
leaf  falls,  a thin  separation  layer  grows  at  the  base  of  each  leafstalk.  When 
the  separation  layer  is  completely  formed,  no  water  reaches  the  leaf  and  the 
leaf  falls,  leaving  a leaf  scar.  Some  deciduous  trees  and  other  plants  have 
some  dead  leaves  remaining  on  the  branches  during  the  winter.  On  these 
plants  the  separation  layer  may  not  have  completely  formed. 

During  the  summer  and  early  autumn,  leaf  buds  and  flower  buds  form  on 
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the  branches  of  trees  and  shrubs.  Buds  are  important  to  plants  because  they 
contain  the  flower  parts,  stems,  and  leaves  of  the  plant  for  the  next  year's 
growth.  Plants  use  some  of  their  energy  to  form  buds. 

Sometimes  plants  lose  their  leaves  during  the  summer  rather  than  in  the 
winter.  In  regions  like  Southern  California,  plants  lose  their  leaves  during 
the  long,  hot  days  of  summer  when  there  is  little  rainfall. 

Evergreen  plants  lose  their  leaves  at  any  time  during  the  year.  This 
happens  whenever  the  separation  layer  forms.  Many  evergreen  plants  have 
needle-like  leaves.  These  plants  lose  less  water  through  their  leaves  than 
do  those  plants  which  have  broad  leaves.  Through  the  winter,  food-making 
may  go  on  in  the  leaves  of  evergreen  plants  when  there  is  enough  light  energy; 
however,  it  goes  on  at  a slow  rate. 

Varying  amounts  of  light  energy  received  by  a region  determine  to  a 
great  extent  the  kinds  of  plants  that  grow  there.  Because  of  the  long  hours 
of  sunlight  in  summer  in  some  parts  of  Alaska  and  Canada,  large  crops  of  hay, 
wheat,  potatoes  and  other  vegetables  grow  quickly.  Some  plants  need  more 
than  twelve  hours  of  sunlight  to  bloom  and  make  seeds.  Other  plants  bloom 
only  when  there  are  fewer  hours  of  sunlight.  Most  plants,  however,  probably 
bloom  when  they  receive  either  little  or  much  light  energy  from  the  sun. 

Different  amounts  of  heat  energy  also  affect  plants'  growth.  Scientists 
have  experimented  with  plants  at  different  temperatures.  Some  plants  survive 
at  temperatures  far  below  freezing,  but  the  general  range  of  temperature  at 
which  most  plants  grow  and  make  food  is  from  about  32°  F to  122°  F.  Each 
kind  of  plant  has  an  optimum  temperature  at  which  it  grows  best. 

Many  plants  such  as  weeds,  garden  flowers,  and  crops  survive  changes  in 
amounts  of  heat  and  light  energy  by  forming  seeds.  Many  of  these  plants 
grow,  blossom,  make  seeds,  and  die  in  the  autumn;  but  their  seeds  will  produce 
new  plants  the  following  spring  or  summer  when  conditions  are  right  for  their 
growth.  Food  stored  in  the  seed  helps  the  young  plant  to  start  growing. 

Some  plants  store  food  in  their  underground  parts  while  the  parts  of  the 
plants  above  ground  may  die.  The  underground  parts  called  bulbs,  stems, 
corms,  rootstalks,  or  tubers  remain  dormant  through  the  winter.  The  follow- 
ing spring  or  summer,  when  there  is  again  enough  heat  and  light  energy  and 
moisture,  new  plants  grow  from  the  buds  in  these  underground  parts. 

The  amounts  of  heat,  light,  and  moisture  that  plants  receive  varies  from 
one  part  of  the  earth  to  another  as  well  as  from  one  season  to  another.  Changes 
in  amounts  of  moisture  and  energy  affect  plant  growth. 

WAYS  OF  WORKING  WITH  CHILDREN 

"Energy  and  Plant  Growth"  may  be  used  after  the  preceding  chapter  on 
"Why  the  Seasons  Change",  or  you  may  wish  to  present  the  material  in  this 
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chapter  at  some  other  time.  The  material  might  be  used  effectively  in  the 
autumn  or  spring,  or  at  both  times  for  making  comparison  of  plant  growth. 

As  your  children  work  through  the  chapter,  they  will  have  the  opportunity  of 
using  many  ways  of  learning  by  experimenting,  discussing,  observing,  and 
reading. 

A trip  into  the  community  to  observe  changes  in  plants  will  also  stimulate 
children's  thinking  about  plants  and  how  they  grow.  Or  you  may  wish  to 
initiate  the  study  by  using  the  pictures  on  pages  52-53  of  Experimenting  in 
Science.  Let  children  relate  their  experiences  in  growing  plants.  Some 
may  have  observed  a sunflower  in  bloom  as  it  turns  toward  the  sunlight. 

Many  children  will  have  planted  seeds  and  studied  how  they  are  scattered, 
but  few  will  realize  the  relationships  of  energy  and  plant  growth.  You  will 
want  to  guide  their  discussion  in  that  direction,  particularly  relating  their 
ideas  of  heat,  light,  and  chemical  energy  learned  in  the  two  preceding 
chapters,  "Energy  Everywhere"  and  "Why  the  Seasons  Change." 

Let  an  individual  child  or  a small  group  plant  several  sunflower  seeds 
and  record  their  growth.  Since  it  will  take  some  weeks  for  the  seeds  to 
grow,  keeping  a record  of  what  happens  and  the  corresponding  dates  will 
stimulate  and  keep  alive  an  interest  in  the  experiment.  Since  experiments 
with  plants  often  extend  over  a period  of  several  weeks,  having  children 
make  periodic  progress  reports  keeps  the  groups  interested  in  what  is 
happening. 

The  question  "What  starts  a plant  growing  from  a seed?"  on  page  54  of 
Experimenting  in  Science  will  stimulate  children's  thinking.  They  will 
probably  mention  water  and  warmth  as  two  factors  which  start  seeds 
germinating.  Reading  the  following  pages  will  verify  some  of  their  ideas 
as  well  as  suggest  other  experiences  they  can  have  in  answering  the  questions 
proposed  on  page  54. 

The  experiment  on  page  55,  seeing  how  seeds  begin  to  grow,  will  probably 
take  several  days  before  the  kernels  split  open  and  the  roots  appear.  Have 
the  children  look  at  the  roots  through  a magnifying  glass.  They  will  also  be 
able  to  observe  the  root  hairs.  Have  them  compare  the  roots  hairs  they  see 
with  the  close-up  picture  of  root  hairs  on  page  56. 

If  there  is  an  exposed  ditch  or  road-cut  near  your  school,  children  may 
see  the  depth  to  which  some  roots  of  plants  grow  to  get  water.  Some  children 
may  be  interested  in  digging  up  weeds  in  their  gardens  or,  if  permission  is 
obtained,  from  an  empty  lot.  The  group  will  observe  the  difference  in  length 
of  roots  of  different  plants. 

By  doing  the  experiment  on  page  57,  children  will  be  surprised 
and  fascinated  with  the  pattern  made  by  the  roots  as  they  dissolved  the 
mineral  elements  of  the  marble.  No  doubt  some  of  the  children  will 
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want  to  repeat  the  experiment.  Bring  out  that  calcium  is  one  of  the 
elements  found  in  marble. 

Hydroponic  farming  mentioned  on  page  58  is  an  interesting  way  of  growing 
plants.  Current  magazines  often  carry  articles  describing  this  kind  of 
farming. 

Look  at  the  picture  of  leaf  scars  on  page  59  in  Experimenting  in  Science. 
Take  the  group  into  the  schoolyard  or  the  park  to  examine  leaf  scars.  K 
magnifying  glasses  are  available,  they  will  be  useful  in  seeing  the  leaf  scars 
in  greater  detail.  Note  that  the  leaf  scars  are  different  on  different  kinds 
of  plants.  Encourage  children  to  look  at  the  leaf  scars  on  trees  in  their  own 
yards  or  neighborhoods.  Discuss  with  them  their  behavior  in  making  observa- 
tions on  other  people's  property. 

Study  the  illustration  on  page  62  showing  the  sources  of  energy  that  green 
plants  use  in  growing.  To  further  clarify  the  thinking  of  children,  after  read- 
ing. the  material  on  pages  62  and  63  and  discussing  the  illustrations,  you  may 
want  to  have  several  children  draw  diagrammatic  sketches  on  the  blackboard 
showing  how  green  plants  make  food  and  how  fungi  get  their  food  for  growth. 

Discuss  the  chart  on  page  64  showing  the  length  of  day  at  different  places 
in  North  America  on  June  22.  Have  children  recall  what  they  learned  in 
Chapter  II,  "Why  the  Seasons  Change",  about  why  the  number  of  hours  of 
sunlight  varies  from  day  to  day.  Have  children  find  out  the  number  of  hours 
of  sunlight  on  June  22  where  they  live.  Have  children  discuss  the  length  of 
day  and  its  effect  on  the  kind  of  plants  that  grow  in  their  community. 

Help  children  find  out  what  the  temperature  on  the  hottest  and  coldest 
days  of  the  year  was  in  the  community.  Compare  the  findings  with  the 
information  given  bn  pages  65-66.  Discuss  temperatures  in  your  community 
and  their  effect  on  plant  growth. 

Have  the  children  do  the  experiment  with  the  cupful  of  soil  suggested  on 
page  68.  Compare  their  results  with  those  illustrated  on  the  same  page.  If 
they  experiment  with  soil  from  different  places,  they  will  discover  differences 
in  the  number  of  seeds.  Help  the  children  read  carefully  to  follow  directions 
in  doing  the  experiment  described  on  page  69.  Doing  experiments  is  a very 
good  way  of  learning,  but  it  is  wise  to  guide  children  in  using  reliable  sources 
to  check  their  observations  and  ideas. 

In  the  autumn,  have  children  examine  the  buds  on  a low- branched  tree 
growing  in  the  schoolyard  or  a nearby  park.  If  there  are  some  leaves  still 
on  the  tree,  pull  them  slightly.  The  children  will  discover  that  the  leaves 
are  almost  ready  to  fall.  They  can  see  the  new  buds  that  were  formed  for  the 
next  year's  growth.  Have  them  feel  the  buds.  Some  of  them  are  sticky; 
others  may  be  covered  with  fine  hairs.  A magnifying  glass  is  useful  in 
helping  children  see  details. 
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The  suggestion  on  page  71  will  help  each  child  in  making  a more  detailed 
study  of  the  buds  on  a branch  or  shrub.  Have  each  child  tag  his  branch  and 
watch  it  for  several  months,  noting  particularly  the  changes  in  the  size  of 
buds  and  when  they  open.  The  series  of  observations  might  start  in  the 
autumn  and  continue  on  into  the  spring.  A series  of  drawings  with  a record 
of  the  dates  might  be  made.  These  would  show  the  changes  from  one  season 
to  another.  By  placing  the  drawings  on  a bulletin  board,  individual  children 
can  compare  their  observations. 

In  the  early  spring  children  might  bring  a twig  from  different  shrubs  or 
trees  into  the  classroom  for  observations.  Discuss  the  proper  cutting  of  the 
twigs  so  as  not  to  injure  the  shrub  or  tree.  Put  the  twigs  in  water  and  place 
them  in  a sunny  window.  Observe  the  changes  each  day.  Open  some  of  the 
buds.  Toothpicks  are  useful  in  helping  to  unfold  the  leaves  within  the  buds. 
Some  of  the  buds  contain  leaves  while  others  contain  flowers.  Children  may 
be  surprised  when  they  discover  that  oak,  maple,  and  other  trees  have 
beautiful  flowers. 


MATERIALS  NEEDED 


sunflower  seeds 
kernels  of  corn  beans 
soil 

blotting  paper  or  paper  towels 
a piece  of  highly  polished  marble 
glass  jar 
union  bulb 


white  potato 
flower  pots 

twigs  with  buds  growing  on  them 
magnifying  glass 
2 growing  geranium  plants 
cardboard  box 


SOME  THINGS  TO  THINK  ABOUT 


(See  suggestions  for  children,  pages  74-75,  Experimenting  in  Science.) 

1.  You  might  guide  children's  thinking  by  suggesting  such  problems  as:  How 
did  the  discovery  of  seeds  change  the  kinds  of  food  people  ate?  How  did 
it  change  the  kind  of  clothing  people  wore  ? What  products  come  from 
plants?  How  did  the  discovery  of  seeds  change  the  kind  of  work  people 
did  for  a living  ? 

2.  Have  an  individual  child  or  committee  do  the  experiment  suggested.  Have 
them  keep  a record  of  the  observation  they  make.  Encourage  children  to 
read  back  into  the  chapter  to  get  information  as  to  why  the  plants  may 
produce  flowers. 

3.  If  children  live  where  plants  similar  to  wild  morning-glories  are  pests, 
encourage  them  to  dig  up  the  plant  and  observe  the  extensive  root  system 
and  underground  parts  that  grow  into  new  plants.  The  material  in  the 
chapter  will  help  children  in  arriving  at  an  answer.  An  individual  child 
or  a committee  may  also  wish  to  contact  the  county  extension  agent  for 
information  regarding  the  eradication  of  plants  that  are  pests  which 
propagate  themselves  through  underground  parts. 

4.  Guide  children  in  observing  wise  practices  in  collecting  only  those  twigs 
necessary  for  classroom  use,  and  in  extending  those  courtesies  involved 
in  getting  the  twigs  from  other  people's  property.  Help  children  in 
keeping  records  of  their  observations.  The  flower  buds  open  first  on 
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forsythia  and  willows.  On  a lilac  twig,  the  leaf  buds  open  before  the 
flower  buds.  If  you  should  want  to  force  the  buds,  immerse  them  in  warm 
water  for  several  hours. 

5.  Encourage  children  to  reread  the  material  in  the  chapter  if  they  are  not 
sure  of  the  answer.  The  florist  would  plan  his  plantings  and  display  to 
take  advantage  of  the  changing  length  of  day  and  the  time  of  year  that  each 
plant  would  bloom.  He  would  then  have  one  plant  in  bloom  after  another. 

6.  An  individual  child  or  committee  may  want  to  do  this  ej^eriment.  Have 
the  children  compare  the  results  of  their  experiment  with  the  illustration 
on  page  75  of  Experimenting  in  Science.  They  will  note  that  on  the  one 
plant  which  received  less  sunlight,  the  leaves  faded  from  green  to  yellow 
as  the  chlorophyll  became  less. 


FURTHER  ACTIVITIES 

1.  Let  children  do  this  experiment  to  see  how  seeds  grow:  Partly  fill  a 
drinking  glass  with  soil.  Plant  different  kinds  of  seeds  such  as  bean, 
radish,  and  wheat,  next  to  the  glass.  Keep  the  soil  moist.  Keep  a 
record  of  the  length  of  time  it  takes  for  the  roots  to  grow  from  each  kind 
of  seed.  Look  at  the  roots  and  root  hairs  under  a magnifying  glass. 

Notice  the  length  of  the  root  hairs  on  the  different  kinds  of  plants. 

2.  Have  a committee  or  individual  do  this  experiment  to  observe  how  tlie 
water  passes  through  the  root  hairs,  through  the  stem,  and  into  the  leaves. 
Plant  several  bean  seeds  in  a pot  of  soil.  After  several  weeks,  when  the 
leaves  are  growing  on  the  plants,  dig  the  plants  up  and  carefully  wash 
away  the  soil.  Place  the  roots  of  the  plants  in  a glass  of  water,  to  which 
red  food  coloring  has  been  added.  Notice  the  red  water  move  slowly 
through  the  roots  into  the  stems  and  into  the  leaves. 

3.  Have  each  child  select  a particular  plant  in  the  schoolyard,  at  his  home,  or 
some  other  place.  Have  him  keep  a pictorial  and  written  record  of  the 
changes  he  observes  from  week  to  week  or  through  the  different  seasons. 

4.  Visit  a greenhouse  to  see  how  light  and  heat  energy  are  controlled  so 
plants  can  grow  and  bloom  during  the  winter. 


EVALUATION 

As  you  work  with  children  in  guiding  their  experimenting^  observing, 

reading,  and  discussing,  you  may  find  some  of  the  following  suggestions 

useful  in  determining  the  growth  each  child  is  making. 

1.  Do  children  understand  the  purpose  of  the  experiment  they  are  doing? 

Do  children  not  doing  experiments  show  an  interest  in  what  others  are 
doing?  Do  they  look  at  the  records  being  kept  of  the  experiments? 

2.  Notice  whether  children  are  suggesting  other  experiments  which  will 
contribute  to  the  problem  at  hand. 

3.  Are  children  growing  in  their  ability  to  make  more  careful  observations? 

4.  Are  children  becoming  more  aware  of  the  changes  in  plant  life  evident  in 
their  environment? 

5.  Some  children  like  to  keep  records  in  booklet  form  of  experiments  done 
in  class.  Are  directions  for  doing  the  experiment  clearly  stated?  Are 
results  of  the  experiment  stated  in  terms  of  the  purpose? 

6.  As  the  year  progresses,  notice  whether  children  are  contributing  the  observa- 
tions of  plant  growth  and  seasonal  change  they  make  to  the  class. 
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7.  Have  children  make  a pictorial  chart  showing  how  plants  continue  on  the 
earth.  Such  a chart  will  help  you  observe  the  learnings  of  individuals  as 
they  contribute  to  the  planning  and  carrying  out  of  plans. 

8.  Do  the  illustrations  children  make  show  a grasp  of  the  meanings  being 
developed  in  class? 
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Films: 

Power  Of  Plants — 1 reel  b/w  (AIF) 

Time-lapse  photography  reveals  the  physical  power  of  plants  in  their 
indomitable  effort  to  reach  the  sun  and  fulfill  their  growth. 
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IV  • ANIMALS  AND  SEASONAL  CHANGE 


Changes  in  the  amount  of  energy  through  the  year  bring  about  seasonal 
changes.  All  the  many  changes  taking  place  throughout  the  year  have  an 
effect  upon  animals.  The  effects  of  some  of  these  changes  on  cold-blooded 
as  well  as  warm-blooded  animals  are  developed  through  discussion  and  ex- 
perimentation. Animals  survive  from  year  to  year  because  they  are  more 
or  less  adapted  to  the  changes  which  occur.  Various  types  of  adaptation 
such  as  hibernation,  migration,  and  estivation  are  discussed.  Many  theories 
are  presented  to  explain  why  these  changes  and  adaptations  have  evolved. 
These  explanations  are  developed  in  such  a way  as  to  stimulate  pupil  discus- 
sion and  speculation  and  to  stimulate,  in  so  far  as  possible,  a quest  for 
further  information. 


SCIENCE  MEANINGS  FOR  CHILDREN 

Children  will  bring  many  conceptions  regarding  animals  to  this  study. 

Some  children  will  have  misconceptions  and  a few  may  hold  superstitious  . 
beliefs  regarding  animal  migration  and  hibernation.  As  you  and  your  children 
work  through  this  study,  the  following  are  some  of  the  meanings  you  may 
wish  to  develop: 

The  changes  we  call  seasons  are  brought  about  by  changes  in  the  amounts 
of  energy  which  reach  parts  of  the  earth. 

Animals  are  affected  by  the  changes  taking  place  around  them. 

Changes  in  temperature  affect  animals.  Some  animals  are  more  active 
when  the  temperature  drops;  other  animals  are  less  active. 

The  temperature  of  some  animals  changes  as  the  temperature  of  the  air 
about  them  changes.  These  animals  are  called  cold-blooded.  An- 
other group  of  animals  have  a more-or-less  constant  temperature, 
no  matter  what  the  temperature  of  the  air  is  around  them.  They 
are  called  warm-blooded. 

Winter  is  a difficult  time  for  many  animals  to  stay  alive,  because  the 
amounts  of  water,  food,  and  light  and  heat  energy  are  decreased. 

Animals  live  through  difficult  periods  in  a variety  of  ways:  Some  animals 
leave  the  region  and  return  when  there  is  again  sufficient  heat  and 
food  to  stay  alive;  some  animals  grow  thicker  coverings  of  fat,  fur 
or  feathers;  some  animals  migrate;  some  animals  hibernate. 

There  are  many  theories  about  the  causes  of  migrations. 

In  some  places  the  hot,  dry  season  is  the  most  difficult  time  for  many 
animals  to  stay  alive.  They  stay  alive  by  changing  their  habits. 

Some  animals  hunt  food  at  night  when  there  is  less  heat  energy, 
rather  than  in  the  daytime.  Some  animals  are  inactive  and  live  in  pro- 
tected places  until  it  rains  again.  They  then  become  active  again. 
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INFORMATION  FOR  THE  TEACHER 

As  the  seasons  change,  most  animals  change  their  way  of  living  and  thus 
survive.  During  the  summer  months  when  the  earth  receives  greater  amounts 
of  energy  from  the  sun,  food  is  plentiful  and  animals  thrive  with  little  difficulty. 
However,  with  the  coming  of  winter  to  a given  region,  the  amount  of  energy 
from  the  sun  grows  less,  the  temperature  of  the  air  changes  and  food  may 
become  so  scarce  that  many  animals  perish. 

Winter  is  a difficult  period  for  most  animals,  but  changes  in  temperature 
and  in  amounts  of  food  and  water  are  met  by  them  in  different  ways.  Some 
animals,  like  snakes,  flies,  turtles,  and  frogs,  are  affected  easily  by  changes 
in  the  temperature  of  the  air,  since  they  are  cold-blooded  animals.  The 
temperature  of  their  bodies  changes  as  the  temperature  of  the  air  around 
them  changes.  During  cold  weather,  cold-blooded  animals  must  seek  some 
kind  of  protection,  for  low  temperatures  make  them  so  sluggish  they  cannot 
move.  Other  animals,  like  birds  and  mammals,  are  warm-blooded  animals. 
The  temperature  of  their  bodies  remains  rather  constant  even  though  they 
may  live  in  a place  which  is  quite  cold.  Warm-blooded  animals  can  be 
almost  as  active  in  cold  weather  as  in  warm. 

Many  mammals,  like  the  wolf,  weasel,  fox,  and  mink,  are  protected  by 
thicker  coats  of  fur,  and  so  they  remain  active  during  the  cold  weather. 

Even  though  food  may  be  scarce  during  the  winter,  they  can  usually  feed  on 
animals  such  as  rabbits,  deer,  or  sheep.  In  some  communities  wolves  may 
cause  great  economic  losses  to  ranchmen,  as  they  attack  sheep  and  calves 
in  search  of  food. 

Tracks  on  the  snow  often  show  a record  of  how  a particular  animal  gets 
its  food.  Rabbit  tracks  reveal  that  this  animal  digs  out  plants  and  eats  young 
shoots.  Sometimes  they  attack  young  trees,  gnawing  off  the  bark  and  eating 
the  green  layer  beneath  it.  Deer,  elk,  and  other  hoofed  animals  paw  away 
the  snow,  feeding  on  dead  grass.  If  food  is  scarce,  they  may  feed  on  the 
buds  or  young  branches  on  trees. 

Some  birds  do  not  migrate,  but  remain  at  the  same  place  throughout  all 
seasons  of  the  year.  Usually  these  birds  do  not  eat  insects,  but  live  on  seeds 
and  other  available  food  they  find  during  the  unfavorable  winter  months. 

Many  adult  insects  die  as  a result  of  lower  temperatures  in  autumn 
and  winter.  A few,  however,  like  houseflies,  crawl  into  cracks  in  the 
walls,  under  boards,  or  into  similar  places  for  protection.  They  remain 
inactive  until  the  air  grows  warmer.  Then  they  emerge  and  lay  eggs. 

Most  insects  survive  the  difficulties  of  winter  weather  in  the  egg,  larvae, 
or  pupae  stage.  In  the  autumn  many  insects  lay  eggs.  The  female 
locust,  for  example,  lays  eggs  in  a small  hole  in  the  ground.  There 
they  remain  until  the  following  spring  when  the  energy  from  the  sun 
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warms  the  ground  and  they  hatch  into  young  locusts.  Other  insects  have 
similar  habits  which  help  them  survive  the  difficulties  of  winter. 

Some  insects,  like  moths  and  butterflies,  lay  their  eggs  during  the  spring 
and  summer.  Because  of  the  warm  days  the  eggs  soon  hatch  into  larvae. 

They  feast  on  the  leaves  of  plants.  When  autumn  approaches,  the  larvae 
have  spun  cocoons  or  made  chyrsalises.  They  remain  in  the  pupal  or  resting 
stage  during  the  winter  months. 

Many  animals,  particularly  birds  living  in  the  Temperate  Zones,  migrate 
periodically  to  escape  the  difficult  days  of  winter.  Just  why  certain  animals 
migrate  is  not  clearly  understood.  The  chief  cause  is  probably  lack  of  food. 
Fur  seals  and  whalebone  whales  move  southward  with  the  approach  of  winter 
because  their  food  supply  becomes  less  plentiful.  They  then  move  north- 
ward again  in  the  summer  when  food  is  again  easy  to  obtain.  Some  scientists 
think  that  bird  migrations  may  be  affected  by  the  hours  of  sunlight.  Evidence 
shows  that  certain  birds  begin  their  migration  at  a particular  time  of  the  year 
regardless  of  weather  conditions  and  availability  of  food.  The  constant  factor 
from  year  to  year  seems  to  be  the  number  of  hours  of  daylight  when  migrations 
begin.  Changes  in  the  hours  of  sunlight  may  bring  about  changes  in  the  bodies 
of  birds  which  cause  them  to  make  nests  and  breed  in  their  northern  homes . In  the 
Northern  Hemisphere,  there  are  larger  feeding  and  breeding  areas  available  dur- 
ing the  long  days  of  summer  than  in  the  Southern  Hemisphere . These  may  have  led 
to  annual  migrations  of  birds  and  may  help  to  explain  why  birds  go  north  to  nest. 

No  one  theory  seems  to  explain  all  the  things  known  about  animal  migrations . 

Most  birds  follow  rather  definite  routes  as  they  migrate  year  after  year. 
Some  birds,  such  as  the  golden  plover,  arctic  tern,  blackpoll  warbler,,  and 
bobolink,  migrate  great  distances  each  year.  Birds  travel  at  different  speeds 
and  altitudes.  Some  birds  spend  the  day  feeding  and  fly  at  night,  while  others 
migrate  during  the  hours  of  sunlight.  Not  all  birds  survive  the  period  of 
migration,  for  they  encounter  many  dangers  such  as  strong  winds  and  storms, 
and  sudden  changes  in  weather. 

Instead  of  migrating  hundreds  of  miles  southward,  some  birds  and  other 
animals  like  elk,  deer,  and  mountain  sheep  migrate  from  higher  altitudes  to 
lower  altitudes  as  winter  approaches. 

Another  animal  which  migrates  is  the  monarch  butterfly.  Insects  do  not 
usually  migrate,  but  the  monarch  butterfly  survives  changes  in  temperatures 
by  migrating  southward  just  as  many  birds  do.  Hundreds  of  butterflies  mi- 
grate together  until  they  reach  their  final  destination. 

Many  animals  protect  themselves,  not  consciously,  of  course,  against  the 
extreme  cold  of  winter  by  finding  shelter  in  the  ground,  in  caves,  and  in  hollow 
logs  or  trees.  Those  animals  hibernate.  During  the  period  of  hibernation, 
breathing,  circulation  of  the  blood,  and  other  bodily  processes  of  the  animal 
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go  on  at  a very  slow  rate.  In  fact,  a hibernating  animal  exhibits  few  of  the 
characteristics  of  an  active  animal.  Sometimes  animals  do  not  survive  the 
period  of  hibernation  because  their  body  temperatures  fall  below  freezing  and 
they  do  not  recover. 

Many  hibernating  mammals  such  as  field  mice,  beavers,  squirrels, 
opossums,  racoons,  and  skunks  emerge  at  intervals  during  the  winter  season. 
There  are  degrees  of  hibernation,  for  some  animals  stay  in  hibernation 
longer  than  others.  Woodchucks  remain  in  hibernation  all  winter.  During 
the  summer  a great  amount  of  fat  is  stored  in  their  bodies  on  which  they  live 
while  hibernating.  Of  course,  if  woodchucks  do  not  have  an  opportunity  to 
store  great  amounts  of  fat  during  the  summer,  they  may  not  survive  the  winter. 

In  some  parts  of  the  earth  periods  of  dryness  are  the  most  difficult  times 
for  animals  to  stay  alive.  Turtles  and  other  reptiles,  as  well  as  some 
amphibians,  protect  themselves  from  drought  conditions  by  digging  into  wet 
soil.  They  remain  there  until  it  rains.  Still  other  animals  change  their 
usual  habits  of  hunting  food  during  the  daytime  and  hunt  food  at  night  when 
the  temperature  of  the  air  is  lower. 

The  adaptation  of  animals  to  drought  and  high  temperatures  is  called 
estivation.  It  differs  from  hibernation  in  that  it  happens  during  periods  of 
extreme  heat  and  dryness.  This  adaptation  protects  animals  from  dying 
from  lack  of  water. 

WAYS  OF  WORKING  WITH  CHILDREN 

You  might  initiate  this  study  of  "Animals  and  Seasonal  Changes"  by 
having  your  group  make  a list  of  changes  they  observe  around  them.  You 
may  want  to  list  them  on  the  board.  Their  list  will  probably  include  changes 
they  see  in  the  landscape  and  changes  in  the  weather.  You  will  want  to  have 
them  think  of  some  of  the  animals  they  see  in  their  community  during  the 
summer,  in  autumn,  and  other  seasons.  If  this  study  is  made  in  the  autumn, 
have  children  bring  out  any  changes  they  observe  in  animal  life. 

Another  approach  which  you  may  wish  to  make  in  initiating  the  study  and 
motivating  discussion  is  introducing  the  illustrations  on  pages  76-77  of 
Experimenting  in  Science.  Discuss  the  various  conditions  under  which  ani- 
mals in  their  community  live.  Are  they  similar  or  different  from  those 
found  in  the  illustrations  ? Children  might  like  to  make  a list  of  the  ways 
they  have  observed  in  which  animals  meet  seasonal  changes.  This  list  might 
be  made  into  a chart  for  future  reference.  As  children  work  through  the  ex- 
periences in  the  chapter,  they  may  want  to  add  to  their  original  list.  Point  out 
from  time  to  time  during  discussions  that  animals  do  not  consciously  make 
adjustments  to  changes  in  the  various  seasons.  As  far  as  we  know,  their 
behavior  is  entirely  instinctive. 
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Help  children  recall  that  weather  changes  are  the  result  of  the  way  the 
energy  of  the  sun  reaches  our  tilted  earth.  You  might  want  a child  to  show 
briefly  the  demonstration  with  the  globe  and  light  given  in  the  chapter  "Why 
the  Seasons  Change." 

Bring  out  that  changes  in  temperature  are  probably  the  most  important 
changes  that  affect  animals.  At  this  point  you  may  want  the  group  to  recall 
the  variation  of  temperature  in  the  coldest  and  hottest  day  in  the  year  where 
they  live,  which  was  brought  out  in  the  previous  chapter,  "Energy  and  Plant 
Growth."  To  observe  the  effect  of  temperature  on  an  animal,  have  a com- 
mittee do  the  demonstration  on  pages  78-79.  Children  will  want  to  read  the 
material  on  these  pages  to  find  out  how  temperature  affects  other  animals 
besides  the  flies  used  in  the  demonstration. 

The  words  "cold-blooded"  and  "warm-blooded"  to  describe  animals  may 
be  unfamiliar  to  most  children.  To  give  meaning  to  these  words,  use  the 
demonstration  with  the  flies  and  also  the  illustration  on  page  80  of  Experi- 
menting in  Science.  You  might  propose  such  questions  as:  "What  did  we  do 
to  the  condition  of  the  air  around  the  flies  when  we  set  the  jar  in  a pan  of 
ice?"  "What  might  the  air  be  like  in  winter  around  these  animals  in  the 
illustration?"  "What  would  the  air  be  like  in  summer?"  The  material  on 
pages  80-83  will  clarify  their  thinking  in  terms  of  cold-  and  warm-blooded 
animals. 

Your  children  may  live  in  a part  of  the  country  where  winter  is  not  the 
most  difficult  time  for  animals  to  live.  If  this  is  so,  some  members  of  your 
group  may  have  lived  where  they  have  observed  winter  conditions  and  will 
want  to  relate  their  experiences  with  animals.  Others  will  have  an  enriching 
experience  in  reading  and  discussing  the  materials  on  pages  83-85. 

Before  reading  and  discussing  the  materials  on  the  remaining  pages  of 
this  chapter,  the  group  might  like  to  refer  to  their  original  list  of  ways  in 
which  animals  live  through  difficult  times.  They  may  want  to  delete  from  or 
add  to  their  list. 

As  the  children  discuss  the  migrating  animals  in  the  illustration  on  page 
87,  they  might  like  to  theorize  as  to  why  birds  and  other  animals  migrate. 
When  children  read  the  text  and  other  sources,  they  will  find  that  there  are 
several  theories,  but  no  one  theory  seems  to  give  the  answer  to  this  puzzling 
question.  You  may  want  to  point  out  that  bird  banding  has  helped  people 
learn  more  about  bird  migrations.  There  may  be  an  authorized  bird-bander 
in  your  community  who  could  come  and  talk  to  the  group.  Have  him  bring  an 
official  bird  band  to  show  the  group.  Several  children  might  like  to  get 
reports  on  bird  banding  from  the  encyclopedia  and  books  listed  in  the 
bibliography  in  this  Manual. 

You  might  want  to  have  each  child  select  some  migratory  animal  found  in 
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the  community  or  of  particular  interest  to  the  individual.  The  summer  and 
winter  home  and  migratory  route  of  the  animal  might  be  shown  on  a map 
similar  to  the  illustration  on  page  38.  If  your  school  has  an  opaque  projec- 
tor, individual  maps  might  be  thrown  on  a screen  when  each  child  gives  a 
report  on  his  particular  migrating  animal. 

If  there  is  an  excavation  near  your  school,  similar  to  the  one  described 
on  pages  92-93,  it  will  be  worth  the  effort  to  take  a trip  to  see  it.  When 
children  read  that  some  animals  hibernate  below  the  frost  line,  it  will  have 
more  meaning  for  them.  The  habits  of  hibernating  animals  are  fascinating 
to  children.  You  may  want  children  to  select  an  animal  in  their  environment 
or  one  they  are  interested  in  and  have  them  find  information  from  a variety 
of  reading  sources  and  make  reports  to  the  class.  Making  a series  of  drawings 
to  show  the  class  makes  the  report  of  each  child  more  interesting  to  the 
listeners  and  learners.  Children,  if  given  the  opportunity  to  be  creative, 
have  many  ideas  of  how  to  give  their  reports  in  an  interesting  manner.  Some 
children  might  like  to  make  diagrams  or  "movies"  (a  modern  twist — "tele- 
vision show")  showing  their  particular  animal  in  summer  and  then  in  winter. 

Have  children  visit  a dried-up  pond,  if  it  is  possible,  and  get  soil  from 
the  pond.  Children  will  be  amazed  at  their  discovery.  The  illustrations  on 
page  96  show  some  of  the  animal  life  they  might  find. 


MATERIALS  NEEDED 

Glass  jar  with  a metal  screw  top 
cotton 

thermometer 

2 or  3 flies 

container  of  ice 

bucket  of  soil  from  a dry  pond 


LEARNING  MORE  ABOUT  ANIMALS 

(See  suggestions  for  children  page  97,  Experimenting  in  Science.) 

1.  Children  living  in  different  parts  of  the  United  States  and  Canada  will,  of 
course,  not  observe  the  same  changes.  They  may  observe  that  some  ani- 
mals are  getting  heavier  coats  of  fur,  some  animals  will  be  storing  food, 
others  will  be  migrating,  still  others  will  be  spinning  cocoons  or  making 
chrysalises.  Guide  children  in  making  careful  and  accurate  reports  of 
their  observations. 

2.  Children  might  keep  their  record  with  headings  similar  to  these;  Month  - 
Name  of  Bird  - Summer  Resident  - Winter  Resident.  Children  will 
probably  recognize  few  of  the  birds  they  see . Books  may  be  found  in 
public  or  school  libraries  which  are  helpful.  Birds  of  America,  edited 
by  T.  Gilbert  Pearson,  Garden  City  Publishing  Company,  contains  colored 
plates  of  birds  which  would  be  useful.  However,  it  is  more  important 

that  children  become  aware  of  the  fact  that  some  birds  are  in  the  community 
only  in  the  summer  or  the  winter,  while  others  stay  all  year  long.  Often 
some  person  in  the  community  knows  a great  deal  about  local  birds  and 
would  enjoy  telling  children  about  them. 
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3.  The  feeding  shelf  on  page  97  may  suggest  one  kind  that  might  be  built  for 
your  class.  Maintaining  a feeding  shelf  can  be  very  enjoyable  experience 
if  careful  plans  are  made.  Place  the  shelf  out  of  reach  of  cats  and 
squirrels.  A pan  of  water  put  on  the  shelf  in  dry  weather  helps  to  attract 
birds.  Have  children  find  out  what  foods  to  put  on  the  shelf.  These  are 
some  foods  birds  will  eat;  sunflower  seeds,  grains,  bread  crumbs,  apples, 
and  suet.  The  National  Audubon  Society,  1130  Fifth  Avenue,  New  York,  has 
information  on  birds  which  you  will  find  useful.  You  may  want  to  show 
the  film,  "Attracting  Birds  in  Winter"  put  out  by  International  Film 
Bureau.  It  shows  how  two  children  built  a feeding  station  in  their 
backyard  to  attract  birds. 


FURTHER  ACTIVITIES 

1.  Scientists  in  Canada,  the  United  States,  Mexico,  South  America,  and  other 
countries  have  learned  a great  deal  about  bird  migrations  by  banding  birds. 
Have  a committee  report  on  bird  banding.  Encyclopedias  will  give  in- 
formation. Other  reading  sources  listed  in  the  bibliography  will  also  be 
helpful.  Find  out  whether  there  is  an  authorized  bird-bander  in  your 
community. 

2.  Have  children  look  under  different  sized  rocks.  They  will  probably  find 
egg  cases  of  insects  or  spider  egg  cases.  Have  them  make  a list  of  the 
animals  they  find.  How  are  these  animals  meeting  the  difficulties  of 
winter? 

3.  Let  children  select  one  bird  they  have  observed  in  their  community.  Find 
out  where  it  stays  in  summer  and  winter.  Show  its  migratory  route  on  a 
map  of  the  Western  Hemisphere. 

4.  Take  a trip  in  the  autumn  into  the  community  to  observe  animals  migrating, 
spinning  cocoons,  storing  food,  etc.  After  several  weeks  take  a trip  to 

the  same  area  to  observe  what  has  happened  to  animals  since  the  last  trip. 

5.  Make  a mural  showing  the  way  different  animals  live  through  the  seasons. 


EVALUATION 

1.  As  you  work  with  children  throughout  this  study,  you  will  be  interested 
in  noting  whether  children  are  making  more  careful  and  accurate  observa- 
tions of  the  animals  they  see  in  their  environment. 

2.  Are  children  making  more  interesting  as  well  as  accurate  reports? 
Among  your  group  you  will  probably  find  a wide  range  of  differences  in 
the  reporting  done  by  children.  The  important  thing  for  you  to  note  is 
the  growth  each  child  makes  in  terms  of  his  own  ability. 

3.  Invite  another  group  to  listen  to  the  reports  given  by  children.  The 
invited  group  may  be  encouraged  to  ask  questions  of  the  children  making 
the  reports.  This  will  give  you  an  opportunity  to  evaluate  the  learnings 
gained  by  children  throughout  the  study. 

4.  The  following  chart  may  be  suggestive  to  you  as  you  check  on  the 
learnings  of  your  group.  You  may  want  children  to  fill  in  such 
a chart: 
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How  the  Animals  We  Have  Studied  Live  through  Difficult  Periods 


Animal 


Cold-blooded 

or 

Warm-blooded 


What  It  Does  Where  It  Goes 

to  Stay  Alive  in  Winter 


5.  Observe  the  interest  children  show  in  this  study.  Do  they  contribute 
information  from  additional  reading  during  discussions?  Do  they  bring 
pictures  of  animals  to  show  the  group  and  for  the  bulletin  board?  Do 
they  find  and  bring  stories  from  newspaper  and  magazines  that  relate 
to  this  study? 
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Films: 

Bird  Migration  — 1 reel  color  (NAS) 

Pictures  seasonal  habits  of  migratory  and  non- migratory  birds  with 
animated  map  drawings  of  migratory  routes  and  scenes  of  birds  in  their 
natural  habitats. 

Animals  In  Winter  — 1 reel  b/w  (EBF) 

Provides  studies  of  various  wild  animals  as  they  prepare  for  and  live 
through  the  winter  season. 

Flight  Of  The  Seas  Birds — 1 reel  color  and  b/w  (WLF) 

Story  of  the  yearly  migration  of  countless  seas  birds  to  beautiful  inland 
mountain  lakes. 

Animals  In  Spring  — 1 reel  color  and  b/w  (EBF) 

Shows  activities  and  changes  in  animals  in  early  spring. 

Animals  In  Summer — 1 reel  color  and  b/w  (EBF) 

Pictures  the  activities  of  animals  in  summer  and  the  struggle  for  survival. 

Filmstrips: 

Animals  And  Seasons  — 6 color  (CurrF) 

Air  Migration.  Land  and  Water  migration.  Hibernation.  Adjustment  to 
Summer.  Seasonal  Body  Changes.  Seasonal  Habits 

Animals  In  The  Four  Seasons  — color  (EGF) 

The  Migrations  of  Birds— ^w  (JH) 
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V • THE  MILKY  WAY  AND  BEYOND 


The  questions  relating  to  the  universe  which  often  arise  during  the  free 
discussions  of  eleven-,  twelve-,  and  thirteen-year-olds  have  a rather  personal 
reference:  Where  in  this  world  are  we?  This  chapter  of  Experimenting  in 
Science  seeks  to  provide  information  concerning  the  universe,  and  to  orient 
the  learner  to  the  vast  conceptions  of  space  and  time  in  the  solar  system,  the 
Galaxy  and,  the  universe.  Throughout  the  chapter  there  has  been  an  attempt 
to  have  the  learning  elements  develop  through  the  personal  reference  and 
experiences  of  children. 


SCIENCE  MEANINGS  FOR  CHILDREN 

The  children  probably  will  know  a good  deal  about  the  solar  system  and 
its  various  parts.  The  constellations  of  stars  in  the  sky  are  something  with 
which  most  children  are  familiar.  As  you  look  over  the  following  meanings, 
you  will  see  that  the  consistent  thread  of  an  enlarged  concept  of  space  is 
developed. 

The  Milky  Way  is  a band  of  pale -white  light  that  stretches  across  the 
sky  among  the  stars. 

The  light  of  the  Milky  Way  is  coming  from  millions  and  millions  of  stars. 

The  Milky  Way  forms  a complete  ring  around  the  earth. 

The  stars  in  the  Milky  Way  seem  to  be  packed  closely  together  because 
they  are  all  so  very  far  away  from  us. 

Each  star  in  the  Milky  Way  is  far  away  from  its  nearest  neighbor. 

Distances  in  the  sky  are  vast:  The  sun  is  about  93,000,000  miles  from 
the  earth;  the  next  nearest  star  is  more  than  24,000,000,000,000 
miles  away  from  us.  Astronomers  use  the  light-year  rather  than 
the  mile  to  measure  distances  in  the  sky, 

A light-year  is  the  distance  that  light  energy  travels  in  one  year. 

A constellation  consists  of  stars  which  appear  to  be  part  of  a single  group. 

The  stars  which  we  see  as  a constellation  are  actually  at  quite  different 
distances  from  us. 

All  the  stars  that  we  can  .see  with  the  naked  eye  are  part  of  a single  system 
of  stars  called  the  Milky  Way  system  or  the  Galaxy. 

Our  sun  is  a star. 

Our  star,  the  sun,  and  all  the  planets  of  our  solar  system  are  part  of  the 
Milky  Way  system. 

The  stars  in  our  Galaxy  seem  to  form  a large  wheel  which  is  slightly 
thicker  at  the  center,  or  hub. 

The  sun  and  its  family  of  planets  are  about  half  way  between  the  center 
of  the  Milky  Way  system  and  its  rim. 

The  whole  Milky  Way  system,  made  of  billions  of  suns,  is  moving 
through  space. 
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The  whole  system  is  also  turning  like  a huge  wheel  around  its  center. 

Each  star  moves  along  its  own  path  around  the  center  of  our  Galaxy. 

There  may  be  millions  of  other  galaxies  besides  our  own.  One  of  these, 
the  galaxy  in  the  constellation  Andromeda,  is  visible  to  the  naked  eye. 

When  you  look  at  distant  objects  in  the  sky,  you  are  looking  across  great 
spans  of  space  and  you  are  also  looking  into  the  past . 

The  Milky  Way  system  belongs  to  a cluster  of  about  nineteen  galaxies. 
There  are  several  hundred  other  groups  of  galaxies  too. 

All  the  groups  of  galaxies,  thought  of  together,  make  up  the  biggest  group 
of  all:  the  universe. 

We  may  be  living  in  a universe  that  is  growing  bigger  all  the  time. 

INFORMATION  FOR  THE  TEACHER 

Adults  as  well  as  children  are  always  extremely  curious  about  objects 
in  the  sky.  The  "Milky  Way  and  Beyond"  is  a chapter  which  moves  us  out 
into  space.  Our  own  solar  system  takes  but  a small  part  of  the  total  space 
occupied  by  the  Milky  Way  system;  and  an  even  more  infinitesimal  part  of  the 
vast  reaches  of  space  which  make  up  the  universe. 

Our  sun  is  the  most  conspicuous  object  in  the  sky;  but  most  of  the  stars 
you  are  able  to  see  in  the  evening  are  two  hundred  or  three  hundred  times 
larger  than  our  sun.  The  diameter  of  the  sun  is  about  109  times  the  diameter 
of  the  earth,  or  approximately  864,000  miles. 

Betelgeuse,  a star  in  the  constellation  Orion,  has  a diameter  which  is 
about  250  times  greater  than  the  sun.  From  one  edge  of  Betelgeuse 's  disc 
to  the  other  edge  is  a distance  of  approximately  216,000,000  miles.  This 
distance  is  so  great  that  the  earth  and  sun  could  be  placed  in  it  with  enough 
space  for  the  earth  to  go  around  the  sun  at  its  present  distance. 

Some  stars  are  very  bright  and  can  easily  be  seen  with  the  unaided  eye. 
Others  are  very  dim  and  are  almost  invisible.  But  it  is  important  to  re- 
member that  a star  may  appear  brighter  than  another  because  it  is  closer  to 
the  earth.  It  may  not  actually  be  larger  and  brighter.  Sirius  is  the  brightest 
star  in  our  sky,  but  Antares  is  almost  twice  as  large.  Antares  does  not 
appear  as  bright  as  Sirius,  because  Sirius  is  much  closer  to  the  earth. 

Stars  have  different  colors.  Our  sun  is  a yellowish  star.  Betelgeuse  is 
a reddish  star.  This  color  difference  is  due  to  a difference  in  temperature. 
The  temperature  at  the  surface  of  our  sun  is  about  10,000  degrees  Fahrenheit. 
Betelgeuse  has  a surface  temperature  of  about  6000  degrees  Fahrenheit.  The 
red  stars  are  the  coolest,  the  yellow  stars  are  hotter,  and  the  bluish-white 
stars  are  still  hotter,  having  a surface  temperature  of  about  70,000  degrees 
Fahrenheit. 

Stars  are  on  all  sides  of  the  earth.  We  cannot  see  the  stars  in  our  daytime  sky, 
because  the  sun  is  so  bright.  We  see  the  stars  in  our  evening  sky.  These  stars 
seem  to  be  arranged  in  groups  which  we  call  constellations. 
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The  position  of  the  earth  in  its  orbit  around  the  sun  is  slowly  but  con- 
tinuously changing.  Thus  the  stars  visible  in  the  sky  during  June  are  not  the 
same  as  those  in  December.  Star  maps  will  be  helpful  to  you.  From  them 
you  can  see  that  the  constellations  around  the  polestar  are  always  visible  to 
us  in  the  Northern  Hemisphere. 

Our  sun  is  93,000,000  miles  away  from  us.  This  is  a tremendous  dis- 
tance. But  when  compared  with  distances  to  other  stars,  the  sun  can  be 
thought  of  as  very  close  to  the  earth.  The  distance  to  the  next  nearest  star, 
Proxima  Centauri,  is  24,000,000,000,000  miles.  Sirius,  the  brightest  star 
in  our  sky,  is  approximately  50,000,000,000,000  miles  away. 

Astronomers  find  it  very  inconvenient  to  measure  distances  in  the  sky 
by  means  of  our  earth  miles.  They  have  adopted  a unit  of  measure  called 
the  light-year.  Light  travels  at  a rate  of  186,000  miles  per  second.  In  a 
year  light  travels  approximately  6 trillion  miles.  The  distance  that  light 
travels  in  one  year  is  called  a light-year. 

To  the  unaided  eye  the  Milky  Way  appears  to  be  a band  of  pale-white 
light  that  stretches  across  the  sky  among  the  stars.  Astronomers  have 
found  that  the  Milky  Way  is  actually  composed  of  millions  of  stars.  Our 
solar  system  belongs  to  this  vast  system  of  stars  called  the  Milky  Way  system. 

On  page  113  of  Experimenting  in  Science  you  can  see  a picture  of  our 
Galaxy.  The  diameter  of  the  Milky  Way  system  has  been  estimated  to  be 
about  100,000  lighj- years.  At  its  center  it  has  a thickness  of  about  10,000 
light-years. 

Our  Galaxy  is  not  alone!  There  are  many  other  galaxies  within  the 
range  of  modern  telescopes.  In  fact,  there  are  probably  millions  of  other 
galaxies.  These  other  galaxies  are  so  far  away  that  most  of  them  cannot  be 
seen  with  the  naked  eye.  Look  at  the  constellation  Andromeda.  Of  course, 
the  stars  in  this  constellation  belong  to  our  Galaxy.  There  is  a hazy  spot  of 
light  in  the  Andromeda  constellation.  Astronomers  studying  this  spot  of  light 
found  that  it  is  not  part  of  the  constellation,  nor  is  it  a part  of  our  Galaxy.  It 
is  actually  a whole  system  of  stars  in  itself.  The  blur  of  light  is  a galaxy. 

This  galaxy  which  appears  to  be  in  the  constellation  Andromeda  is  actually 
more  than  a million  light-years  away  from  our  Milky  Way  system. 

WAYS  OF  WORKING  WITH  CHILDREN 

The  opening  spread  of  this  chapter  can  be  used  as  an  initial  point  of 
discussion  with  the  children  to  bring  out  the  concepts  they  have  concerning 
the  Milky  Way,  the  universe,  and  stars  in  general.  This  free  discussion 
might  be  considered  an  initial  form  of  evaluation.  As  the  children  work 
with  the  materials  and  ideas  in  the  chapter,  one  would  want  to  note  how  their 
ideas  have  changed,  developed,  and  matured. 
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The  children  ought  to  be  encouraged  to  observe  the  Milky  Way  first-hand. 

A committee  may  undertake  the  observation  and  report  back  to  the  class,  or 
individual  members  of  the  class  may  undertake  the  observation.  Ideally,  it 
would  be  most  advantageous  if  an  evening  field  trip  could  be  arranged  for  the 
specific  purpose  of  observing  the  Milky  Way  and  other  features  of  the 
night  sky. 

If  such  a trip  were  to  be  arranged,  one  could  contact  various  resource 
people  in  the  community.  Many  times  you  will  find  parents  in  the  community 
who  are  amateur  or  even  professional  astronomers.  Such  people  are  often 
very  willing  to  participate  in  a field  trip.  Often  a committee  from  the  class 
can  make  the  necessary  contacts  with  the  resource  person  and  plan  details 
of  procedure,  timing,  etc.,  for  the  trip. 

In  so  far  as  possible,  directions  for  experimentation  and  demonstrations 
have  been  provided.  These  have  been  planned  to  point  up  particularly 
pertinent  ideas.  For  example,  on  page  101,  the  demonstration  with  the 
marbles  helps  the  children  to  understand  why  the  Milky  Way  appears  to  be  a 
blur  of  light,  and  that  even  with  magnification  the  stars  appear  to  be  close 
together.  This  activity  has  been  planned  for  outdoors.  Again,  planning  is 
needed  and  decisions  have  to  be  made  as  to  who  will  conduct  the  demonstra- 
tion and  how  it  will  be  conducted. 

In  planning,  children  will  probably  offer  proposals  for  variations  of  this 
demonstration  and  the  other  demonstrations  in  this  chapter.  Such  proposals 
afford  an  opportunity  for  evaluation,  and  evaluation  is,  after  all,  an  integral 
part  of  the  teaching- learning  process  (see  section  on  evaluation  at  end  of 
each  chapter). 

A very  important  part  of  the  experiences  in  this  chapter  have  to  do  with 
discussion  by  and  among  the  group  of  children.  There  are  big  ideas  in  this 
chapter.  For  example,  on  pages  102  and  103  the  text  deals  with  distances  in 
the  sky  and  the  light-year  as  a unit  measure.  The  child's  conception  of 
space  is  going  to  be  challenged.  Through  discussion  with  others  he  will 
gradually  begin  to  revise  his  ideas. 

The  children  can  be  encouraged  to  represent  their  ideas  through  different 
art  mediums.  They  might  attempt  to  build  models  of  the  solar  system,  paper 
replicas  of  the  Galaxy,  and  they  may  also  attempt  to  picture  various  star 
groups.  Each  activity  undertaken  requires  independent  research  on  the  part 
of  the  individual  or  group.  Opportunities  for  such  independent  research  is  an 
important  part  of  the  children's  progress  in  science.  As  a culminating  activity 
the  individual  or  committee  may  report  the  results  of  its  work  to  the  whole 
class. 
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MATERIAL  NEEDED 


field  glasses  or  binoculars 

marbles,  thirty 

string 


1 dozen  stones 

2 glass  pie  plates 
colored  cellophane  tape 


LEARNING  MORE  ABOUT  THE  GALAXY 


(Suggestions  for  teachers  corresponding  to  those  for  children,  page  117, 

Experimenting  in  Science.) 

1.  Monthly  newsletters  published  by  the  various  planetariums  are  very  useful 
for  observation  of  the  sky.  You  might  have  the  children  contact  the 
planetarium  in  your  vicinity. 

2.  Trips  can  be  planned  as  a survey.  However,  it  is  much  better  to  have 
clearly  stated  purposes  and  plans  for  such  a trip.  In  that  way,  a place 
may  be  revisited  a number  of  times.  Each  trip  might  very  well  be  with 
a different  objective  or  purpose  in  mind. 

3.  The  rotation  of  the  earth  on  its  axis  produces  the  star  trails.  At  observa- 
tories the  rotation  of  the  earth  on  its  axis  is  compensated  for  by  having  the 
telescope  and  camera  move  gradually  in  the  opposite  direction. 


FURTHER  ACTIVITIES 


1.  You  might  picture  various  star  groups.  Use  a shoe  box.  Remove  one 
end  of  the  tox.  Make  cards  depicting  the  various  constellations.  Fit  an 
electric  light  in  the  shoe  box  and  then  place  the  constellation  card  over 
the  open  end  of  the  shoe  box.  The  constellation  can  now  be  projected  on 
a ceiling  or  wall. 

2.  Try  to  locate  some  planets  in  the  sky.  You  can  often  find  out  when  and 
where  to  look  for  them  from  the  newspapers. 

3.  Try  to  find  out  about  some  of  the  instruments  astronomers  use.  You 
might  make  a special  report  about  these  instruments.  Some  of  the  in- 
struments you  might  report  on  are  telescopes,  cameras  used  in 
astronomical  observations,  and  the  spectroscope.  Much  information 
can  be  gathered  on  such  telescopes  as  those  at  Mt.  Wilson  and  at  Mt. 
Palomar.  The  spectroscope  is  a very  special  instrument  which  has  been 
very  useful.  There  is  a glass  prism  in  the  interior  of  a spectroscope. 
Starlight  is  made  to  pass  through  the  prism.  A great  deal  can  be  told  about 
a star  on  the  basis  of  its  spectrum;  that  is,  after  the  star  light  has  passed 
through  the  prism  and  been  broken  up  into  its  parts.  The  astronomer  can 
tell  how  fast  the  star  is  rotating,  in  which  direction  through  space  it  is 
moving,  and  also  what  it  is  made  of. 

4.  You  might  give  a report  on  the  sizes  of  various  stars  in  the  sky.  You  can 
get  this  information  from  an  encyclopedia  and  other  source  books.  You 
will  find  that  our  sun  is  rather  an  average  star.  It  is  not  among  the 
biggest  nor  among  the  smallest. 

5.  You  might  work  on  a report  concerning  ancient  legends  about  the  stars 
and  constellations.  You  will  be  able  to  see  how  our  ideas  have  grown 
over  the  centuries. 


EVALUATION 


The  discussion  and  speculation  which  this  chapter  stimulates  provides 
an  opportunity  for  important  observations  of  the  children,  their  concepts. 
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and  behavior.  The  initial  free  discussion  concerning  the  opening  spread  can 
provide  an  observer  with  an  opportunity  to  make  notes  concerning  the  kinds 
of  concepts  with  which  the  children  are  approaching  this  chapter.  These 
concepts  may  be  listed  so  that  you  will  have  a convenient  check  list. 

Examine  this  listing  of  concepts  carefully.  A variety  of  questions  might 
be  asked  about  the  list.  For  example,  are  there  any  elements  of  superstition 
in  the  children's  concepts  relating  to  space,  stars,  and  the  universe?  You 
might  find  that  astrology  and  its  myths  are  confused  with  astronomy.  The 
analysis  of  the  concepts  may  show  up  other  important  features  of  the  ideas 
the  children  hold. 

The  study  of  the  chapter  "The  Milky  Way  and  Beyond"  should  stimulate 
a positive  growth  in  their  concepts.  For  example,  if  there  are  elements  of 
myth  superstition  involved  in  the  concepts  they  hold,  as  the  study  progresses, 
are  they  willing  to  reconsider  these  positions? 

A very  important  concept  contained  in  this  chapter  is  the  vastness  of 
space.  As  you  work  with  the  children,  you  will  begin  to  see  a concept  grow. 
Try  to  find  out  about  their  conceptions  of  space  at  the  beginning  of  the  study. 
Discussions  and  interviews  will  help  you  do  this.  The  insights  which  you 
will  gain  as  you  observe  the  child's  concepts  of  space  being  stretched  to 
distances  which  are  practically  incomprehensible  will  aid  you  in  evaluating 
the  growth  toward  some  of  the  other  concepts  which  have  been  listed  for 
this  chapter  in  this  Manual. 

In  particular,  two  questions  would  seem  to  be  important  as  you  approach 
the  evaluation  of  a pupil's  progress  and  growth:  Is  he  open-minded?  Is  he 
willing  to  change  or  revise  his  concepts  as  he  becomes  convinced  of  the 
reliability  of  concepts  which  differ  from  his  own  ? 
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Films: 

The  Infinite  Universe  — 1 reel  b/w  (AIF) 

Shows  some  of  the  vast  galaxies  and  distant  stars  of  our  universe, 
and  reduces  Space-Time  concepts  to  common  everyday  dimensions. 

The  Sun'S  Family  — 1 reel  b/w  (YAF) 

Explains  what  the  solar  system  is. 
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Filmstrips: 

What  Is  In  The  Sky  — color  (CurrF) 

The  Stars  In  The  Skv  — color  (EOF) 

The  Sky  — 7 b/w  (JHl 

A Multitude  of  Suns,  Stories  of  the  Constellations,  The  Sun's  Family, 
Interesting  Things  About  the  Planets,  Our  Neighbor  the  Moon,  The 
Changing  Moon,  How  We  Learn  About  the  Sky. 

Fun  With  Stars  — color  (PSP) 

Looking  At  The  Stars— b/w  (PSP) 

The  Sun  and  Its  Planets — b/w  (SVE) 

Earth »s  Satellite  - The  Moon  — b/w  (SVE) 

Stars  and  Galaxies  — b/w  (SVE) 

Constellations  — b/w  (SVE) 

The  Solar  System  — b/w  (YAF) 
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VI  • LIGHT  ENERGY  ALL  AROUND  US 


Light  is  with  us  practically  all  the  time.  It  surrounds  us  and  makes  it 
possible  for  us  to  see  and  carry  on  our  activities.  Without  light  we  would  be 
lost  in  a black  world. 

In  "Light  Energy  All  Around  Us"  children  are  helped  to  see  the  impor- 
tance of  light,  and  the  importance  of  our  ability  to  produce  light  when  and 
where  we  want  it.  The  importance  of  temperature  in  the  production  of  light 
is  demonstrated  by  carefully  selected  materials. 

SCIENCE  MEANINGS  FOR  CHILDREN 

No  elaborate  explanation  is  necessary  to  convince  us  of  the  importance 
of  light  to  each  and  everyone  of  us.  The  "coming"  and  "going"  of  the  sun 
each  day  is  an  event  with  which  every  child  is  familiar.  The  "coming"  of 
night  and  the  switching  on  of  the  lights  is  another  event  with  which  children 
are  familiar  even  before  they  speak.  A variety  of  experiences  with  light 
are  within  the  background  of  each  child.  The  following  meanings  indicate 
some  of  the  concepts  toward  which  you  may  continue  to  guide  the  children: 

Without  light  you  would  not  be  able  to  see  anything. 

Primitive  man  discovered  that  he  could  use  the  light  from  a fire. 

For  many  centuries  light  was  produced  by  the  burning  of  some  material. 

Heating  produces  light. 

The  color  of  iron  changes  as  it  is  heated. 

Electrons  give  off  energy  as  light. 

Man  has  discovered  many  different  ways  of  heating  metals. 

Electrical  energy  heats  wire  as  it  moves  through  it. 

When  a metal  receives  enough  heat  energy,  some  of  the  energy  is  changed 
into  light. 

Our  biggest  source  of  light  energy  is  the  sun. 

The  electrons  of  the  heated  atoms  in  the  sun  give  off  light  energy. 

Light  energy  from  the  sun  comes  to  us  through  space,  but  outer  space 
is  black. 

Light  travels  186,000  miles  in  one  second. 

Light  energy  travels  in  straight  lines. 

Light  changes  direction  when  it  strikes  an  object. 

There'S  a great  variety  of  color  all  around  us.  A beam  of  sunlight  is 
made  up  of  many  different  colors  of  light. 

The  color  of  objects  depends  upon  the  light  that  strikes  them. 
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INFORMATION  FOR  THE  TEACHER 

Light  is  a form  of  energy  and  as  with  all  forms  of  energy  there  is  move- 
ment involved.  The  moving  particles  involved  in  the  production  of  light 
are  electrons. 

Every  material  is  made  of  atoms.  An  atom  consists  usually  of  at  least 
three  kinds  of  small  particles:  Electrons,  protons,  and  neutrons.  The  elec- 
trons make  up  the  outer  part  of  the  atom.  Scientists  tell  us  that  the  electrons 
keep  revolving  rapidly  around  the  center  of  each  atom. 

When  a piece  of  wood  is  burned  or  a metal  is  heated  the  atoms  of  the 
wood  or  metal  are  heated.  As  the  electrons  receive  more  heat  energy,  they 
begin  moving  faster  and  faster.  The  more  heat  the  electrons  receive, 
the  faster  they  move.  The  electrons  now  have  more  energy  than  they  had 
before.  The  electrons  give  off  this  excess  energy  as  light. 

Essentially,  this  principle  underlies  the  experiences  on  pages  123,  124, 
125,  126.  The  burning  of  materials  such  as  oil,  wax,  or  gas  to  produce  light 
have  this  principle  at  the  basis.  However,  it  should  be  understood  that  the 
production  of  light  by  burning  took  place  for  many  centuries  without  any  clear 
conception  of  the  underlying  principle.  The  fact  on  which  early  people 
operated  was  that  heating  produced  light.  As  you  will  note,  the  concepts 
leading  to  the  electron  theory  of  light  production  in  Experimenting  in  Science 
have  been  built  somewhat  on  a historical  basis,  that  is,  roughly  as  the  con- 
cepts evolved  through  the  centuries. 

The  heating  of  metals  by  using  electrical  energy  is  a rather  recent 
innovation  in  the  long  history  of  light  production.  Electrical  energy  changes 
to  heat  energy  as  it  moves  through  the  wire.  The  atoms  of  the  metal  of 
which  the  wire  is  made  become  heated.  When  the  electrons  of  the  atoms  re- 
ceive a certain  amount  of  heat  energy,  they  give  off  light.  This  is  essentially 
what  happens  in  electric-light  bulbs:  In  an  electric-light  bulb  there  is  a thin 
piece  of  wire  made  of  a metal  called  tungsten.  Electrical  energy  is  sent 
through  the  tungsten  wire  when  the  light  switch  is  turned  on.  The  tungsten 
wire  becomes  heated  as  the  electrical  energy  moves  through  it.  The  atoms 
of  tungsten  become  heated  to  a certain  temperature  and  the  electrons  of 
these  atoms  begin  moving  faster.  The  electrons  give  off  this  excess  energy 
as  light. 

The  explanation  developed  above  underlies,  essentially,  the  explanation 
on  pages  132  and  133  of  how  sunlight  is  produced.  In  the  sun  the  joining  of 
hydrogen  atoms  to  form  helium  atoms  releases  great  amounts  of  energy. 

This  change  of  hydrogen  to  helium  is  accompanied  by  huge  explosions  some- 
thing like  a hydrogen  bomb.  Great  amounts  of  energy  are  released  when 
these  recombinations  of  atoms  occur. 

There  are  atoms  of  many  materials  on  the  sun.  All  the  atoms  of  the 
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sun  are  heated  to  very  high  temperatures  by  the  energy  released  when 
hydrogen  is  changed  to  helium.  The  electrons  of  the  heated  atoms  in  the 
sun  give  off  light  just  as  the  electrons  of  any  material  here  on  earth  give 
off  light  when  heated  to  high  temperatures. 

Because  of  the  great  number  and  variety  of  atoms  being  heated  simul- 
taneously on  the  sun,  sunlight,  or  what  we  call  white  light,  is  really  a mixture 
of  different  colors.  You  can  use  a glass  prism  or  a piece  of  cut  glass  to 
show  the  spectrum.  On  page  140,  the  spectrum  colors  have  been  listed: 
violet,  blue,  green,  yellow,  orange  and  red.  You  will  note  that  indigo  has 
been  omitted  from  this  list.  Indigo  as  a description  of  the  spectrum  colors 
has  become  an  obsolete  term  and,  in  addition,  the  children  would  not  be  able 
to  distinguish  such  a color  from  the  varying  hues  of  violet  and  blue.  As  you 
view  the  spectrum  with  children,  one  of  the  most  obvious  points  is  that  there 
is  no  sharp  dividing  line  between  the  colors.  But  there  are  varying  hues  of 
the  same  color  and  one  color  blends  gradually  into  the  next:  violets  into 
blues,  blues  into  green,  greens  into  yellows,  and  so  on. 

An  object  is  seen  as  white  because  ail  the  different  colors  are  reflected 
to  our  eyes  when  white  light  falls  on  such  an  object.  We  call  the  object  white. 
However,  many  objects  do  appear  colored  when  seen  in  white  light.  When  an 
object  appears  green,  it  reflects  only  the  green  to  our  eyes.  The  violet, 
blue,  yellow,  orange,  and  red  (the  other  five  colors  which  make  up  white  light) 
are  not  reflected  back  to  our  eyes. 

When  we  mix  two  colors  of  paints,  we  sometimes  get  a third  color.  For 
example,  blue  and  yellow  paints  when  mixed  often  give  green.  This  is  be- 
cause some  kinds  of  coloring  materials,  called  pigments,  reflect  two  colors. 
They  reflect  more  of  one  of  the  colors  than  they  do  of  the  other.  The  yellow 
pigment  reflects  mostly  yellow  and  some  green;  the  blue  mostly  blue  and 
some  green.  When  mixed  together,  green  is  the  only  color  neither  will 
absorb,  and  hence  it  is  the  color  reflected. 

WAYS  OF  WORKING  WITH  CHILDREN 

The  opening  spread  of  this  chapter  is  a good  stimulant  to  discussion. 

As  you  will  note,  the  emphasis  in  the  first  part  of  "Light  Energy  All  Around 
Us"  is  on  discussion.  Here  is  something,  light,  with  which  the  child  has 
been  surrounded  all  his  life.  The  point  of  the  discussion  is  to  reexamine 
the  familiar.  The  absence  of  light  with  all  its  connotations  can  lead  to 
good  speculative  discussion.  Through  such  discussion,  ideas  can  be  brought 
to  the  surface . You  can  also  get  an  idea  of  the  concepts  the  children  have  as 
well  as  the  process  by  which  they  are  arriving  at  some  of  their  concepts. 

Who  or  what  do  they  accept  as  an  authority?  On  what  do  they  base 
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their  speculation?  Do  they  begin  to  revise  their  conceptions  during 
discussions. 

As  the  discussion  progresses,  there  are  simple  checks  and  experiences 
which  should  be  elicited  from  the  group.  For  example,  a discussion  of  a 
completely  dark  place  could  be  interrupted  for  a short  trip  to  a dark  closet 
or  storage  room  as  suggested  on  page  119.  Take  time  to  explore  and  dis- 
cuss the  points  that  arise.  Some  children  who  discussed  this  material 
brought  bats  into  their  discussion.  This  point  stimulated  others  to  explore 
material  about  "night-fighters"  and  the  use  of  radar  to  track  targets  and  the 
whole  principle  of  "blind-flying."  Out  of  such  discussion  can  come  many 
individual  interests  which  serve  as  the  basis  for  individual  reports  and  pupil 
forums.  This  type  of  activity  can  greatly  enrich  the  learning  of  the  total 
group. 

In  this  chapter,  as  well  as  all  other  chapters,  special  provision  has  been 
made  for  pupil  experimentation.  The  text  provides  many  simple  e-xperiences 
that  may  be  undertaken  by  the  children.  All  the  materials  are  easily  pro- 
curable. Time  should  be  provided  within  the  classroom  for  the  undertaking 
of  these  demonstrations  and  experiments  by  the  children. 

The  brief  historical  treatment  on  pages  121  and  122  can  provide  i^aterial 
and  ideas  from  which  a mural  may  be  made.  You  might  also  encourage  the 
children  to  do  further  research  and  add  to  their  mural.  They  could  depict 
man's  use  and  production  of  light  through  the  ages. 

On  page  124  the  discussion  centers  around  a blacksmith.  You  might 
know  of  a blacksmith  in  your  community  or  another  community  close  by.  A 
visit  to  his  shop  would  be  very  worthwhile.  As  part  of  the  planning  for  such 
a trip,  there  would  need  to  be  additional  research  done.  The  groups  should 
have  a definite  purpose  and  should  be  prepared  to  ask  specific  questions. 

Many  communities  have  iron  works,  steel  mills,  and  small  shops  which  form 
iron  into  railings  and  fences  for  homes.  A trip  planned  properly  for  a 
specific  purpose  to  any  of  these  places  would  provide  much  firsthand 
information. 

Stimulate  the  children  to  look  and  suggest  variations  of  the  experiments 
in  the  text.  For  example,  the  experiments  dealing  with  color  might  be  varied 
by  using  paint  pigments.  The  mixing  of  various  pigments  will  give  new 
colors.  As  you  will  recall,  material  dealing  with  this  has  been  provided  in 
the  section  dealing  with  Information  for  the  Teacher.  Such  variations  will 
stimulate  the  children  to  search  for  explanations  and  apply  the  principles 
illustrated  and  developed  in  the  body  of  the  text. 

The  suggestion  on  page  131  to  make  a list  of  ways  in  which  sunlight  is 
valuable  can  be  made  quite  challenging  by  asking  the  children  to  describe  how 
things  would  be  different  if  there  were  no  sunlight.  As  the  descriptions  are 
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made,  various  statements  should  be  challenged  with  such  questions  as,  "Why 
would  that  come  about?"  The  making  and  compiling  of  this  list  will  help  the 
children  recall,  and  put  to  use  in  a new  context,  the  information  of  the  first 
four  chapters  of  Experimenting  in  Science.  This  kind  of  discussion  provides 
for  a review  as  well  as  an  evaluation  of  the  way  previous  information  is  put 
to  use  in  new  contexts.  This  should  not  be  hurried,  and  the  children  may 
even  want  to  recheck  some  of  their  information  by  rereading  portions  of  the 
first  four  chapters. 

On  page  137  the  experiment  suggested  calls  for  reconstruction  of  a 
hallway.  The  materials,  of  course,  are  easily  obtainable.  However,  the 
experimentation  need  not  be  confined  only  to  this  reconstruction.  The 
children  might  be  encouraged  to  work  as  teams  or  individuals  and  seek  out 
hallways  at  home  and  other  places.  They  could  perform  variations  of  these 
experiments  in  these  hallways  and  report  their  findings  to  the  group.  Part 
of  their  report  could  incorporate  a diagram  of  the  hallway. 

On  page  141  the  experiment  deals  with  where  colors  come  from.  A very 
simple  variation  of  such  experiments  can  be  worked  out.  Have  the  children 
assemble  pieces  of  cloth  or  other  materials.  They  should  get  six  pieces  in 
all;  violet,  blue,  green,  yellow,  orange,  and  red.  Look  at  the  violet  cloth  in 
sunlight  and  then  take  it  indoors  and  look  at  the  violet  cloth  under  an  electric 
light.  Have  the  children  describe  what,  if  any,  is  the  color  change.  Repeat 
this  for  each  color  with  the  same  electric  light.  The  slight  changes  in  color 
will  be  due  to  the  differences  in  the  color  emitted  by  the  electric  light  as 
compared  with  sunlight. 


MATERIALS  NEEDED 


electric  light  bulbs  and  sockets 
flashlight 

2 pieces  of  cardboard  (each  12  inches  square) 
pocket  mirror 

3 shoe  boxes 

piece  of  cut  glass  or  prism 
red  cellophane 
green  crayon 


needle 
cork 
candle 
glass 
dry  cell 
copper  wire 
iron  wire 


LEARNING  MORE  ABOUT  LIGHT 


(See  suggestions  for  children  page  143.) 

1.  Light  is  bent  as  it  passes  from  one  medium  to  another.  The  pencil  will 
appear  to  be  broken  because  of  the  bending  of  the  light  as  it  enters 
the  water. 

2.  Prisms  do  not  need  to  be  made  of  glass.  A droplet  of  water  under 
certain  circumstances  may  also  act  to  bend  and  reflect  light.  In 
certain  cases  this  gives  rise  to  the  rainbow  in  the  sky  as  well  as  the 
rainbow  seen  in  the  spray  of  a lawn  sprinkler. 
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3.  The  material  placed  behind  the  glass  does  not  let  the  light  pass  through, 
and  the  glass  reflects  the  light  back  to  you  so  you  can  see  your  image. 

4.  The  artificial  light  is  deficient  in  blue. 


FURTHER  ACTIVITIES 

1.  You  can  make  a periscope.  Construct  a long  rectangular  tube  3 feet  long 
by  4 inches  wide.  Place  mirrors  at  an  angle  at  the  top  and  bottom  of  the 
tube.  The  periscope  works  on  the  principle  of  reflection.  The  light  is 
reflected  down  the  tube  in  a straight  line  by  the  mirror  at  the  top.  Then 
the  light  is  reflected  to  your  eye  by  the  mirror  at  the  bottom. 

2.  Make  a list  of  things  that  give  off  their  own  light.  These  are  called 
sources  of  light. 

3.  Many  animals  give  off  light.  These  lights  are  probably  produced  by 
chemicals  in  the  animals'  body.  You  might  do  some  research  on  the 
various  animals  that  give  off  light.  You  might  look  up  the  following 
animals:  the  firefly,  glowworm,  and  jellyfish. 

4.  Have  you  ever  thought  what  the  world  would  be  like  if  nothing  reflected 
light?  Try  to  describe  what  it  would  be  like  in  the  room  you  are  in  now. 
What  would  it  be  like  outside  when  the  sun  is  shining? 

5.  Make  a study  of  the  camera.  Report  to  the  class  how  it  works.  What 
has  light  got  to  do  with  the  film?  Perhaps  you  can  get  a professional 
photographer  to  come  and  talk  to  your  group.  He  will  be  able  to  tell  you 
a lot  about  how  light  affects  film. 


EVALUATION 

You  should  be  seeing  and  hearing  the  effects  of  this  body  of  content  upon 
the  children  all  through  the  activities  and  discussions  which  take  place  in 
connection  with  the  chapter.  There  are  many  provocative  ideas  and  concepts 
that  should  effect  the  way  they  look  at  their  physical  environment.  Concepts 
relating  to  the  production  of  sunlight  and  the  traveling  of  light  energy  through 
outer  space  without  lighting  it  up  stretch  and  stimulate  the  imagination.  These 
concepts  cannot  help  but  bubble  over  into  interesting  discussions.  It  is  during 
such  discussions  that  the  teacher  can  truly  get  the  best  insights  into  how  the 
children  have  increased  their  understandings,  appreciations,  and  attitudes. 
This,  after  all,  should  be  the  goal  rather  than  how  many  facts  they  can  recall 
or  remember. 

Many  of  the  concepts  relating  to  light  energy  cannot  be  checked  or  even 
attempted  by  the  children.  However,  these  concepts  come  within  their  realm 
of  experience  and  contacts.  In  their  discussions  who  or  what  do  they  accept 
as  an  authority  on  which  to  base  some  of  these  concepts?  How  do  they  go 
about  checking  to  see  if  the  source  of  their  information  is  reliable?  This  is 
a very  important  point.  Throughout  life  many  of  their  discussions  are  based 
upon  information  received  from  various  sources.  Is  the  source  reliable? 

"Can  I rely  on  this  information?"  should  be  a question  that  is  uppermost 
and  which  the  children  should  have  before  them  all  the  time.  The 
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teacher  can  stimulate  and  foster  this  attitude  in  the  children  by  questions 
beginning  with  "How  do  you  know 

An  attempt  should  be  made  to  pose  questions  for  the  children  or  raise 
problems  for  discussion  which  will  stimulate  them  to  apply  the  information 
they  have  acquired.  The  question  in  the  text  on  page  123  is  of  this  type. 
Further  questions  may  be  framed  around  the  listing  of  Science  Meanings  in 
the  beginning  of  this  chapter  in  this  Manual.  Questions  of  this  type  might 
also  be  elicited  from  the  children.  Time  might  be  taken  to  formulate  ques- 
tions for  a round-table  discussion  or  forum.  This  would  also  stimulate 
the  children  to  do  additional  research  to  prepare  for  their  part  in  such  a forum. 


BIBLIOGRAPHY 
For  The  Children 


Bischof,  George.  Atoms  At  Work.  Harcourt  Brace,  1951. 

Blough,  Glenn,  and  DePencier,  Ida.  How  the  Sun  Helps  Us.  Row  Peterson, 
1950. 

Parker,  Bertha.  Light.  Row  Peterson,  1949. 

Zim,  Herbert.  Lightning  and  Thunder.  Morrow,  1952. 

Films: 

Light  All  About  Us — 1 reel  color  and  b/w  (Cor) 

Observation  and  experimentation  demonstrates  that  we  see  only  when 
there  is  light  and  that  everything  will  reflect  light. 

How  Man  Made  Day — ^1  reel  color  and  b/w  (Cor) 

From  primitive  to  modern  times,  this  film  traces  the  development  of 
illumination . 

Fire  — 1 reel  b/w  (EBF) 

Describes  the  domestic  use  of  fire  and  clearly  explains  the  principles 
of  combustion. 

We  Make  A Fire — 1 reel  b/w  (EBF-IF) 

Develops  an  understanding  of  factors  involved  in  making  a fire  burn. 

Things  Expand  When  Heated — 1 reel  b/w  (YAF) 

Demonstrates  by  animation  and  simple  photography  the  movements  of 
molecules  before  and  after  heat  is  applied. 

Filmstrips: 

Light  — color  (EBF) 

We  Make  a Fire— b/w  (EBF) 

Light  In  Our  Daily  Lives  — color  (EGF) 

Light  — b/w  (YAF) 

How  Heat  Is  Transferred — color  (YAF) 
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VII  • PLANTS  AND  ANIMALS  LIVE  IN  COMMUNITIES 


The  community  idea,  which  embraces  the  interdependence  of  plants, 
animals,  and  the  physical  environment,  forms  the  basis  of  this  chapter. 

Plants  and  animals  live  in  characteristic  communities.  In  "Plants  and 
Animals  Live  in  Communities"  the  major  principles  affecting  communities 
are  discussed  and  illustrated  through  many  unique  experiments. 

SCIENCE  MEANINGS  FOR  CHILDREN 

Twelve-year-olds  know  that  to  catch  a fish  they  must  go  to  a pond  or 
some  body  of  water.  They  may  be  less  familiar  with  the  fact  that  to  pick  a 
daisy  they  would  have  to  go  to  a meadow  and  not  deep  into  the  forest.  And 
then  again,  each  child  in  your  class  would  probably  know  that  cactus  grows 
best  in  an  arid  region.  There  will  be  information  and  experience  in  the 
group  concerning  plants  and  animals.  The  meanings  that  follow  will  help 
the  children  understand  and  appreciate  the  interdependence  and  distribution 
of  communities. 

A community  usually  has  green  plants. 

Green  plants  need  energy  from  the  sun  to  produce  the  plant  material 
which  animals  use  as  food. 

Chemicals  are  a part  of  the  community,  too. 

Water  and  carbon  dioxide  are  important  chemicals  in  any  community. 

Without  a continual  supply  of  oxygen  no  animal  would  be  able  to  live. 

Most  of  the  energy  reaching  our  earth  and  its  many  communities  comes 
as  light  energy. 

Light  energy  is  changed  by  plants  to  chemical  energy. 

Changes  in  the  energy  supply  of  a community  affect  the  whole  community. 

The  amount  of  water  falling  on  a community  affects  the  kinds  of  plants 
and  animals  living  in  the  community. 

Communities  continually  change. 

Man  affects  communities. 

INFORMATION  FOR  THE  TEACHER 

Communities  consist  of  plants,  animals,  chemicals,  and  energy  from  the 
sun.  Each  is  a vital  part  of  the  community.  The  make-up  and  look  of  the 
community  depends  on  the  amount  of  and  balance  among  these  factors. 

The  food-making  activity  of  plants  makes  it  possible  for  all  animals  to 
exist.  A description  of  the  process  of  photosynthesis,  of  food-making,  by 
plants  is  given  in  the  section  Information  for  the  Teacher  in  the  third  chapter 
of  this  Manual.  You  may  want  to  refer  to  this  again  at  this  time. 
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Animals  depend  either  directly  or  indirectly  upon  green  plants,  since 
these  plants  manufacture  food.  This  places  a limit  on  the  number  of  animals 
which  can  live  successfully  in  any  community.  If  there  are  too  many  animals, 
they  may  devour  too  many  or  all  of  the  plants.  A shortage  of  food  will  develop 
in  that  community  and  many  of  the  animals  will  die  of  starvation.  The  plant 
life  also  determines  to  a major  extent  the  kinds  of  animals  found  in  a com- 
munity. For  example,  grasshoppers  feed  largely  on  grass  plants.  There- 
fore you  can  expect  grasshoppers  to  be  abundant  in  a meadow,  but  very 
scarce  in  a pine  forest. 

A natural  check  on  the  number  of  animals  in  the  community  is  the  fact 
that  each  animal  in  the  community  has  its  enemies.  For  example,  the  rabbit 
is  a vegetarian  feeding  only  on  plants,  but  the  fox  will  feed  upon  the  rabbit. 

Many  times  man  tampers  with  the  natural  balance  in  a community  without 
fully  understanding  the  consequences.  A classic  example  of  such  unintelligent 
tampering  was  the  introduction  of  rabbits  into  Australia.  The  rabbit  was  not 
a natural  member  of  the  Australian  community.  Thus  in  Australia  the  rabbit 
had  no  natural  enemies.  Rabbits  in  Australia  multiplied.  They  fed  upon  the 
grasses  and  actually  competed  with  the  sheep  for  the  grass  plants.  Even 
though  vigorous  extermination  campaigns  have  been  waged  against  the  rabbit 
in  Australia,  they  are  still  a tremendous  problem  to  sheep  raisers  and  the 
wool  industry. 

Water  is  an  essential  in  every  community.  There  may  be  an  abundance 
or  scarcity  of  water,  but  one  thing  is  certain— there  must  be  water.  Many 
substances  are  dissolved  in  water.  This  solvent  property  of  water  is  very 
important,  but  large  bodies  of  water  act  as  stablizers  too.  Water  is  a 
storage  place  of  heat  energy.  The  experiments  on  pages  149  and  150  of 
Experimenting  in  Science  illustrate  this  point,  that  is,  that  water  warms 
slowly  and  loses  its  heat  energy  more  slowly  than  many  other  substances. 

The  water  has  a great  capacity  for  absorbing  heat  energy,  and  its  temperature 
does  not  fluctuate  as  rapidly  as  soil.  This  property  of  water  has  a decided 
effect  on  the  living  things  which  exist  near  and  in  the  water. 

The  maps  on  pages  152  and  155  are  very  important.  They  point  up  how 
the  amount  of  precipitation  a region  receives  depends  on  its  location.  This 
in  turn  affects  the  communities  in  the  region.  This  section  is  based  on  the 
principle  that  cool  air  holds  less  moisture  than  warm  air.  Topographical 
features,  such  as  mountains,  bring  about  the  cooling  of  air  as  it  is  forced  up 
and  over  the  mountains.  Cooling  of  warm,  moist  air  may  be  brought  about 
as  the  warm,  moist  air  is  forced  up  over  a cold  air  mass.  Such  a situation 
is  depicted  on  page  156  of  Experimenting  in  Science. 

The  pond  is  an  excellent  community  to  study.  The  plants  and  animals 
described  on  pages  157,  158,  and  159  will  not  all  be  found  in  any  one  pond. 
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These,  of  course,  will  vary.  Changing  weather  conditions  will  bring  about 
noticeable  changes  in  the  balance  of  the  pond  over  short  periods.  This,  too, 
is  very  good  for  the  purposes  of  short-range  observation.  In  early  summer 
a pond  may  contain  many  of  the  plants  and  animals  enumerated  on  pages  157, 
158,  and  159  of  Experimenting  in  Science.  But  an  extremely  dry  summer 
will  gradually  bring  about  changes.  The  pond  may  begin  to  dry  up  slowly. 

The  water  begins  evaporating.  The  area  of  the  pond  becomes  smaller.  The 
animals  have  less  room  and  are  more  crowded.  There  is  less  oxygen 
available  for  them  to  use,  because  of  the  shrinking  area  of  the  pond.  The 
animals  give  off  carbon  dioxide.  The  decrease  in  plant  life  and  water  volume 
brings  about  an  acid  condition  as  the  carbon  dioxide  combines  with  the  water 
to  form  carbonic  acid.  A change  in  the  acidity  of  the  water  may  kill  some 
of  the  algae  and  affect  the  other  plants  too.  Frogs  and  turtles  will  begin  to 
leave  the  pond  area  as  it  dries  up.  The  insects  may  become  more  numerous 
when  this  happens,  because  frogs  and  turtles  normally  eat  insects. 

WAYS  OF  WORKING  WITH  CHILDREN 

The  initial  discussion  may  begin  around  the  material  on  the  opening 
spread  and  with  consideration  of  the  community  idea.  However,  it  would 
be  very  beneficial  to  go  out  for  a short  stroll  around  the  school.  Observe 
some  of  the  various  types  of  plant  and  animal  communities  which  can  be 
found  in  the  immediate  vicinity  of  the  school.  This  trip  need  not  be  extensive, 
merely  a brief  survey.  Future  plans  for  more  extensive  exploration  can  then 
be  developed  on  the  basis  of  this  survey.  A record  may  also  be  kept  of  the 
things  noted  on  this  trip.  It  is  also  a good  idea  to  make  a note  of  the  location 
of  the  various  items.  This  can  be  done  by  written  'description  of  the  location, 
or  the  location  may  be  noted  on  a map  which  the  children  can  construct  of  the 
area  immediately  around  the  school. 

On  pages  146,  147,  148,  149,  and  150  some  basic  principles  relating  to 
communities  are  developed.  The  experiments  dealing  with  temperature  and 
temperature  changes  can  be  done  a number  of  times.  The  record  can  be  kept 
for  a week  or  for  a month  or  even  longer.  The  keeping  of  the  record  and  the 
noting  of  the  temperatures  at  specific  times  during  the  day  need  not  occupy 
very  much  time  at  all.  In  fact,  a committee  of  two  or  three  children  may 
want  to  assume  responsibility  for  the  project.  As  the  data  accumulates,  they 
may  try  to  analyze  the  way  the  variations  in  temperature  occur.  They  may 
even  try  to  predict  what  the  temperature  variations  will  be  in  each  of  the 
three  containers  on  the  basis  of  the  predicted  weather  report  for  the  next  day. 

On  pages  151,  152,  153,  and  154  an  attempt  is  made  to  give  an  overview 
of  the  broad  types  of  plant  and  animal  communities  into  which  the  United  States 
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and  Canada  can  be  divided.  Much  of  this  treatment  is  developed  on  the  basis 
of  surface  features  and  available  water.  During  the  study  of  this  section  you 
should  attempt  to  have  a large  map  of  the  North  American  continent  available. 

A project  which  the  class  or  members  of  the  group  may  wish  to  undertake  is 
the  construction  of  a map  of  the  North  American  continent.  This  can  be  done 
on  a sand  table  or  other  large  flat  surface.  The  group  can  fill  in  important 
features  such  as  mountain  areas,  water  areas,  forest  areas,  desert  areas, 
grassland  areas,  and  huge  urban  concentrations.  This  can  be  done  with  clay, 
papier-mache'',  or  other  suitable  construction  material.  It  can  be  as  extensive 
and  detailed  as  the  group  wishes.  The  more  extensive  and  detailed,  the  greater 
will  be  the  need  for  research  on  their  part.  They  will  be  able  to  trace  on  their 
map  the  descriptions  of  wind  and  air  movements  contained  in  the  text. 

Another  project  which  can  grow  out  of  the  map  construction  is  the  keeping 
of  weather  records  for  various  areas  of  the  country.  These  records  should 
include  the  amount  of  rainfall  and  other  forms  of  precipitation  falling  on  the 
area.  If  this  record  is  kept  over  a long  period  of  time — for  the  whole  year 
if  possible — the  children  will  see  the  accumulation  of  precipitation  for  each 
area.  Again,  this  is  a project  which  need  not  engage  the  whole  class. 

Rather,  a few  children  can  keep  the  record  and  give  progress  reports  to  the 
whole  group  at  specific  intervals.  Their  information  can  be  gathered  from 
television,  radio,  and  newspaper  reports. 

The  newspaper  is  a good  source  of  information.  You  can  often  find 
reports  of  conservation  measures  which  point  up  the  interdependence  of  plants, 
animals,  and  the  physical  environment.  For  example,  on  page  56  of  the  New 
York  Times  Magazine  section  for  Sunday,  April  22,  1955  there  appeared  an 
article  dealing  with  the  fact  that  beavers  are  being  parachuted  in  various 
regions,  for  the  nation's  good.  Conservation  men  trap  beavers  where  they 
are  not  wanted  and  move  them  to  places  where  their  dams  will  do  some  good. 
The  story  goes  on  to  relate  how  beavers  seek  water  and  build  a dam  to  create 
a pond  in  which  to  put  up  a home.  Two  beavers  using  trees,  stones,  reeds, 
and  mud  can  finish  a dam  18  feet  long  and  6 feet  wide  in  about  three  weeks. 

The  water-distributing  which  results  can  be  beneficial  for  miles  around. 

The  article  furnishes  information  about  how  beavers  saved  thousands  of  acres 
from  erosion  in  the  Northwest.  Despite  heavy  drought  healthy  foliage  was 
kept  growing  in  Palisades  Interstate  Park  due  to  beaver  activity.  Other 
effects,  such  as  raising  the  level  of  water  in  lakes  near  Winnipeg  as  much 
as  3 feet,  are  also  indicated  in  the  article.  Reports  such  as  this  of  current 
practices  can  provide  a basis  for  stimulating  discussion  and  point  up  the 
application  of  the  principles  to  national  problems. 

On  page  157  the  study  of  a pond  community  is  traced  in  some  detail. 

It  would  be  worth  while  to  observe  the  kind  of  life  found  in  other  water 
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communities,  too.  A lake,  stream,  or  ocean  shore  provides  good  opportunities 
to  study  plant  and  animal  communities  adapted  to  particular  conditions. 

Land  communities  of  different  types  are  probably  more  readily  accessible. 
A great  variety  may  be  found  in  a short  distance;  a meadow,  woods,  swamp, 
or  pasture  may  all  be  within  a short  walking  distance  of  each  other.  Com- 
pare the  plants  and  animals  found  in  each  community  with  the  others.  In 
cities  one  can  go  to  a vacant  lot,  a hillside,  a park  area,  and  the  school 
ground. 

Opportunities  for  the  study  of  various  plant  and  animal  communities  can 
be  provided  in  the  classroom.  A very  profitable  and  interesting  experience 
is  the  setting  up  of  an  aquarium.  A gallon  pickle  jar  or  mayonnaise  jar  may 
be  used  as  the  container.  Detailed  directions  for  setting  up  such  a fresh- 
water community  can  be  found  on  pages  254-256  of  Science  for  the  Elementary 
School  Teacher. 

Conditions  found  out-of-doors  in  various  land  communities  can  be  re- 
produced by  children  in  the  classroom.  A terrarium  can  be  used  to  carry 
out  further  study  in  the  classroom.  A hillside,  a swamp,  a desert,  a wooded 
area,  all  may  be  reproduced  and  studied.  Directions  for  constructing  a good 
terrarium  container  from  ordinary  window  glass  may  be  found  on  pages 
256-258  of  Science  for  the  Elementary  School  Teacher. 


MATERIALS  NEEDED 


2 boxes 

a large  pail 

3 outdoor  thermometers 
sand 

grass 


water 

soil 

2 water  glasses  or  2 aluminum  tumblers 

hot  water 

ice 


LEARNING  MORE 


(See  suggestions  for  children  on  page  163  Experimenting  in  Science .) 

1.  Changes  in  leaf  color,  falling  of  leaves,  hibernation  of  some  animals, 
migration  of  others;  water  availability  usually  decreases;  availability 
of  food  for  animals  usually  decreases. 

2.  Depends  on  the  section  of  soil  you  happen  to  dig  into. 

3.  There  is  no  pat  answer  to  this  question.  It  will  depend  on  the  conditions 
and  particular  time  at  which  the  record  is  made. 

4.  Depends  on  the  animals  observed  by  the  children  in  your  community. 

5.  Yes,  the  log  forms  a little  community. 


FURTHER  ACTIVITIES 


1.  What  plants  and  animals  provide  us  with  our  most  important  foods?  How 
does  man  set  up  special  types  of  conditions  that  help  these  plants  and 
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animals?  Man  really  sets  up  special  communities  for  these  plants  and 
animals.  He  finds  out  the  conditions  under  which  they  grow  best  and  then 
he  attempts  to  meet  all  these  conditions.  Choose  one  plant  and  one  animal 
and  describe  the  conditions  under  which  it  grows  best. 

2.  Search  out  spots  in  which  mushrooms  grow.  You  will  probably  find  them 
growing  after  a period  of  damp,  warm  weather.  How  do  mushrooms  get 
their  food?  You  will  notice  that  they  do  not  contain  chlorophyll,  the  green 
coloring  matter  so  necessary  for  plants  to  manufacture  food.  You  might 
do  further  reading  on  mushrooms  in  the  encyclopedia  and  other  source 
books.  Report  your  findings  to  the  class. 

3.  Plant  some  clover.  After  it  is  fully  grown  carefully  dig  up  a plant.  You 
will  find  little  knobs  on  the  roots.  These  knobs  contain  bacteria  that 
make  nitrogen  compounds.  These  bacteria  are  an  important  part  of  the 
community.  You  might  look  up  some  more  information  on  nitrogen -fixing 
bacteria.  Give  a report  to  the  class  on  this  topic. 

4.  Make  a list  of  various  ways  in  which  plants  and  animals  help  each  other 
in  a community. 

5.  How  has  man  affected  plant  and  animal  communities?  How  did  the  early 
pioneers  affect  the  plant  and  animal  communities  in  North  America?  You 
might  look  up  some  of  the  early  history  of  North  America,  especially  the 
descriptions  of  the  great  virgin  forests  which  covered  eastern  North 
America. 

6.  Elephants,  prairie  dogs,  beavers  are  all  examples  of  social  animals.  You 
might  look  up  information  on  these  animals  to  see  how  they  help  each  other 
by  living  together. 


EVALUATION 

The  underlying  purpose  of  "Plant  and  Animals  Live  in  Communities"  is 
to  give  children  a feeling  for  the  interdependence  of  plants,  animals,  and  the 
physical  environment.  Sometimes  it  is  helpful  to  have  the  children  make  a 
list  of  their  learnings.  The  list  may  include  many  of  the  science  meanings 
in  the  beginning  of  this  chapter  in  this  Manual.  However,  one  should  not 
expect  all  of  these  meanings  to  appear  in  such  a list.  The  activities  engaged 
in  by  the  children  have  been  varied.  Any  list  compiled  by  individual  children 
or  a group  of  children  will  show  this  variety  of  activity.  Certain  facts  of 
the  experiences  will  mean  more  to  one  child  than  another.  This  will  be 
reflected  in  the  list  compiled. 

The  way  such  a list  is  arrived  at  is  important,  too.  It  too  forms  a part 
of  the  evaluation.  It  might  be  worthwhile  to  have  the  children  form  small 
groups  of  four  or  five  and  prepare  lists  of  some  important  things  they  did 
and  learned  during  the  study  of  the  chapter.  This  would  provide  possibly 
six  or  seven  lists  for  the  class  as  a whole.  These  lists  then  could  provide 
a basis  for  discussion  with  the  group  as  a whole.  Comparisons  could  be 
made  among  the  lists,  and  children  could  be  helped  to  see  the  principles  be- 
hind the  items  on  the  various  lists.  Through  discussion  and  comparison  of 
the  lists,  the  children  might  be  helped  to  formulate  a single,  more 
generalized  list. 
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Through  discussion  you  may  try  to  ascertain  how  much  the  children  have 
learned  about  the  various  key  regions  of  the  United  States  and  Canada.  Do 
they  see  that  the  rainfall,  plants,  and  animals  of  these  regions  are  a reflection 
of  the  physical  topography  and  location  of  these  regions?  Encourage  the 
children  to  project  their  ideas  concerning  how  man  may  put  his  understanding 
of  community  balance  to  work  for  him. 

Through  all  the  discussions  and  activities,  watch  for  evidence  that  chil- 
dren are  growing  in  their  abilities  to  do  critical  thinking.  The  principles 
developed  in  this  chapter  are  basic  to  many  of  the  issues  on  which  they  may 
have  to  vote  as  citizens.  One  cannot  hope  to  provide  the  answers  but  we  can 
go  a long  way  by  encouraging  the  children  to  be  original  and  critical  in  thought 
and  observation.  It  is  for  this  reason  that  the  activities  "Learning  More"  on 
page  163  of  Experimenting  in  Science  have  been  so  constructed.  An  element 
of  discovery  and  true  exploration  is  involved.  How  do  the  children  approach 
such  activity?  Remember,  good  teaching  is  heavily  weighted  on  the  side  of 
helping  children  have  meaningful  experiences  from  which  they  may  learn. 

Hov/  well  have  the  children  carried  out  the  activities?  Do  they  learn  from 
such  experiences?  What  do  they  learn?  How  do  they  bring  the  content  that 
they  have  acquired  to  bear  on  such  activities? 
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Films: 

Ponds — 1 reel  b/w  (AIF) 

The  camera  exposes  the  underwater  wonderworld  — from  primitive 
protozoans  to  complex  marine  creatures —hydra,  snails,  dragon  flies, 
water  beetles,  crayfish,  pike,  salamanders  and  turtles. 

This  Vital  Earth  — 1 reel  color  ^AS) 

Tells  the  story  of  plant  and  animal  ecology  — the  relation  of  life  to  its 
environment. 

Seeds  of  Destruction  — 1 reel  color  (NAS) 

A pictured  statement  of  what  happens  when  any  one  of  the  links  in  the 
"chain  of  life"  is  broken. 


Filmstrips: 

Life  at  the  Timberline  — color  (CurrF) 

Plants  and  Animals  of  the  Desert  — color  (CurrF) 
How  Living  Things  Respond— color  (CurrF) 


60  • EXPERIMENTING  IN  SCIENCE 


The  Behavior  of  Plants  — color  (CurrF) 

The  Behavior  of  Simple  Animals  — color  (CurrF) 

Animal  Environments  — 8 color  (CurrF) 

How  Animals  Live  in  the;  Arctic,  Air,  Desert,  Forest,  Fresh  Water, 
Grasslands,  Sea,  Swamps. 

Animals  Struggle  To  Live  — color  (EGF) 

Animals  Fit  Themselves  To  Their  Surroundings  — color  (EGF) 

Life  in  Ponds,  Lakes  and  Streams  — color  (JH) 

Plants  And  Animals  — 4 color  (SVE) 

Of  the  Mountain,  Of  The  Desert,  Of  Swamps  and  Marshes,  Under  the  Sea. 
Life  On  The  Desert -b/w  (SVE) 

Desert  Plant  Life — color  ^DP) 

Desert  Animal  Life  — color  (PDP) 
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VIII  • USING  WATER,  SOIL  AND  FORESTS  WISELY 


This  chapter  takes  a look  at  three  important  resources:  water,  soil,  and 
forests.  It  attempts  to  develop  some  basic  principles  which  underlie  the 
wise  and  most  beneficial  use  of  these  resources.  A critical  look  is  taken  at 
some  of  the  problems  and  solutions  which  have  arisen  in  connection  with 
man's  use  of  these  resources.  Man's  needs  and  responsibilities  are 
underlined. 


SCIENCE  MEANINGS  FOR  CHILDREN 

We  are  surely  in  need  of  intelligent  action  with  respect  to  the  conserva- 
tion of  our  resources.  This  action  must  be  based  on  the  best  information 
available.  Conservation  must  become  a part  of  the  behavior  of  everyone. 

Each  child  by  his  actions  and  behavior  can  become  a potent  force  in  the 
conservation  of  our  resources.  The  concepts  that  follow  underlie  many 
conservation  practices. 

When  rain  falls  on  a steep,  bare  slope,  much  of  the  water  will  run  off 
and  it  will  carry  part  of  the  soil  with  it. 

Plants  allow  falling  water  to  soak  slowly  into  the  soil. 

Contour  trenches  catch  and  hold  the  water  from  rain  and  melting  snow 
on  bare  slopes. 

Check  dams  are  a useful  initial  way  of  preventing  runoff  and  repairing 
gully  erosion. 

Grasses,  shrubs,  and  trees  should  be  planted  on  the  bare  slopes  and  in 
gullies. 

Roots  of  plants  hold  soil  and  prevent  it  from  washing  away. 

Each  of  us  needs  water  to  live. 

We  use  and  need  a great  deal  of  water  to  grow  our  food  and  run  our 
factories. 

Our  best  sources  of  water  are  rain  and  snow. 

Water  evaporates  from  the  ground  and  plants. 

Water  run  off  flows  into  lakes,  rivers  and  oceans. 

Water  sinks  into  the  ground  and  becomes  part  of  the  ground  water. 

Dams  hold  back  water  and  prevent  floods. 

The  energy  of  the  falling  water  at  a dam  can  be  used  to  produce  electricity. 
Plants  need  good  soil  in  which  to  grow. 

Topsoil  is  a long  time  in  the  making. 

It  is  the  part  of  the  soil  in  which  plants  grow. 

Topsoil  contains  mineral  elements. 

When  topsoil  is  lost,  important  minerals  are  lost. 

Careful  planning  must  be  done  to  keep  the  land  producing  good  crops. 
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Contour-plowing  and  strip- cropping  are  farming  practices  which  help 
conserve  the  land. 

The  forests  of  the  earth  help  to  enrich  our  soil  and  to  control  our  water 
supply. 

We  use  a great  deal  of  wood  and  products  made  from  wood. 

Trees  are  one  of  our  most  important  crops. 

Trees  will  grow  on  land  which  is  not  well  suited  to  other  crops. 

INFORMATION  FOR  THE  TEACHER 

This  chapter  is  really  concerned  with  conservation  practices.  Three 
major  areas  are  selected  for  discussion:  water,  soil,  and  forests.  The 
essential  interrelatedness  of  these  three  factors  is  stressed  throughout  the 
development. 

Conservation  does  not  mean  hoarding.  The  emphasis  in  this  chapter  is 
on  wise  use.  We  must  use  our  soil,  our  water,  and  our  trees.  Wise  use  can 
mean  a fuller,  more  abundant  use. 

The  United  States  and  Canada  originally  had  an  abundance  of  good  soil. 

In  many  parts  of  the  continent  much  of  the  good  soil  has  been  dissipated 
through  improper  use.  The  improper  use  has  included  faulty  agricultural 
practices  and  methods,  clearing  of  forest  land,  overgrazing,  and  the  use  of 
marginal  lands. 

Erosion  is  a process  that  will  probably  always  be  with  us.  Wind  blowing 
over  the  land  and  water  falling  on  the  land  will  pick  up  soil  and  move  it  from 
place  to  place.  However,  man  can  control  the  process  of  erosion  and  by 
simple  methods  prevent  it  from  getting  out  of  hand.  A good,  thick  cover  of 
plant  material  on  the  land  holds  the  soil  in  place.  Wind  erosion  is  thus  kept 
to  a minimum.  Water  erosion  is  also  controlled  by  plant  cover.  Plants 
hold  falling  water.  They  allow  it  to  soak  slowly  into  the  soil. 

Forest  areas  are  good  controllers  of  erosion.  Falling  rain  strikes  the 
branches,  leaves,  and  trunks  of  the  trees.  The  force  of  impact  is  thus  broken; 
the  water  does  not  beat  against  the  ground.  The  ground  beneath  the  trees  is 
covered  with  a thick  mat  of  dead  leaves,  twigs,  and  other  plant  material.  The 
soil  beneath  this  layer  is  soft  and  spongy.  The  water  has  an  excellent  opportu- 
nity to  sink  into  the  ground  in  a forested  area  during  a rainfall. 

When  the  plant  cover  must  be  removed  so  that  the  soil  may  be  used  for 
farm  land,  certain  practices  will  minimize  erosion.  In  contour-farming 
land  is  plowed  around  the  slope  of  the  land.  This  prevents  water  from  running 
off  the  land.  It  is  held  in  place  and  has  an  opportunity  to  soak  into  the  ground. 
Another  practice  which  checks  erosion  is  strip -cropping.  Strips  of  close- 
growing grass  crops,  such  as  wheat,  are  alternated  with  strips  of  a 
different  type  of  crop.  The  grass  crop  will  be  harvested  at  a different 
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time  from  the  alternating  cultivated  crop.  Thus  there  will  be  a continuous 
plant  cover  for  the  soil  to  check  water  runoff. 

A practice  which  has  not  been  used  to  any  great  extent  in  this  country  is 
terracing  of  land.  Many  of  the  early  Indian  cultures  of  South  America  used 
a method  of  terraces  to  prevent  the  erosion  of  hilly  land.  This  method  is 
also  used  in  many  parts  of  Europe  and  Asia.  The  abundance  of  good  land 
and  the  expense  involved  have  been  two  factors  which  have  worked  against 
the  terracing  of  land  in  the  United  States. 

Topsoil  contains  certain  mineral  elements.  Of  these  elements  nitrogen 
is  probably  the  most  important.  Crops  will  not  grow  well  if  there  is  not  a 
sufficient  quantity  of  nitrogen  in  the  soil.  In  the  natural  cycle,  decaying 
animal  and  plant  material  in  the  soil  replenishes  the  nitrogen  in  a form 
which  can  be  used  by  plants.  This  decaying  material  is  usually  referred  to 
as  humus.  It  is  an  important  part  of  soil.  However,  the  faster  and  more 
usual  method  of  replenishing  nitrogen  and  the  other  important  mineral 
elements  is  by  commercial  fertilizer. 

A very  useful  way  of  conserving  and  getting  maximum  use  out  of  the 
mineral  elements  of  soil  is  by  the  rotation  of  crops.  In  this  way  the  same 
elements  are  not  constantly  being  withdrawn  from  the  soil.  Tobacco,  corn, 
and  cotton  use  up  large  amounts  of  the  mineral  elements.  By  rotating  these 
crops  with  alfalfa  or  clover,  farmers  can  give  the  land  a chance  to  recover. 
In  addition,  the  alfalfa  and  clover  enrich  the  soil  by  adding  nitrogen  to  it. 

Farming  can  be  done  on  a very  scientific  basis.  Soil  can  be  analyzed. 

It  is  very  easy  to  determine  what  mineral  elements  any  particular  soil  is 
lacking.  These  can  then  be  added. 

Cropsgrownonpoor  soil  can  endanger  the  health  of  all  who  eat  them.  For 
example,  celery  or  other  plants  grown  in  poor  soil  will  probably  be  deficient 
in  phosphorous.  This  element  is  important  in  our  diet.  If  we  eat  plants 
lacking  in  this  vital  element,  our  diet  will  be  lacking  in  it,  too.  Thus  our 
health  can  be  endangered  by  improper  farming  practices. 

On  pages  168,  169,  and  170  the  contour  trenches  and  check  dams  de- 
scribed show  methods  and  practices  which  can  be  used  effectively  to  restore 
or  reclaim  abused  land.  The  point  is,  however,  we  should  never  allow  our 
good  productive  land  to  get  into  such  a condition. 

Our  economy  depends  to  a major  extent  on  wood  and  forest  products. 
However,  from  a conservation  point  of  view  the  forests  of  the  earth  are  pre- 
eminently important  because  they  help  to  control  our  water  supply  as  well  as 
enrich  our  soil. 

It  is  possible  to  grow  trees  in  many  areas  of  land  which  are  not  well 
suited  to  other  kinds  of  crops.  On  almost  every  farm  there  is  land  which 
is  not  well  suited  for  farm  crops  or  pasture.  Such  land  is  not  productive. 
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and  erosion  takes  place  when  there  is  a great  deal  of  water  runoff.  We  have 
a lot  of  this  type  of  land  in  the  United  States.  Much  of  this  land  can  support 
tree  growth.  If  all  this  land  were  covered  with  a rich  growth  of  trees,  it 
would  become  productive.  What  was  once  barren  soil  could  become  useful 
and  aid  in  the  control  of  our  water  supply. 

WAYS  OF  WORKING  WITH  CHILDREN 

The  important  thing  to  strive  for  is  to  help  the  children  to  see  the  impor*- 
tance  of  the  wise  use  of  our  national  and  natural  resources.  In  so  far  as 
possible,  there  has  been  an  attempt  in  the  chapter  to  translate  the  principles 
developed  into  action  which  can  be  undertaken  by  the  children.  For  example 
on  page  169  the  suggestion  is  made  to  think  about  your  own  community.  The 
same  erosion  and  runoff  problems  which  beset  us  on  our  grand  scale  can  be 
observed  on  a smaller  scale  in  each  and  every  community. 

The  children  can  take  action  in  their  own  community  to  help  prevent  and 
reclaim  such  scarred  areas  as  exist.  Have  the  children  make  a preliminary 
survey  of  the  community  immediately  around  the  school.  During  the  survey 
keep  questions  such  as  the  following  in  mind. 

(1)  Are  there  hillsides  covered  with  so  few  plants  that  rain  rushes  down 

the  slopes? 

(2)  Do  we  have  areas  in  which  soil  is  being  washed  or  blown  away? 

(3)  Are  there  areas  in  which  trees  or  grass  have  been  destroyed  by  fire 

or  other  causes? 

(4)  Do  we  have  areas  in  which  small  gullies  are  forming? 

Through  an  initial  discussion  children  may  raise  many  more  problems 
which  exist  in  the  community  and  on  which  they  can  work,  once  the  areas  that 
need  correction  are  found.  With  proper  guidance  and  direction  they  can  plan 
to  do  something  about  the  problems.  They  might  plan  to  build  check  dams  in 
some  small  gullies,  plant  grasses  or  other  cover  material.  They  may  even 
undertake  to  terrace  a small  hillside.  In  this  way,  the  accent  will  be  on 
action — their  own  action — in  which  they  can  apply  good  conservation  principles. 

The  children  may  have  home  gardens  or  school  gardens  in  which  vegetables 
and  other  crops  are  grown  on  a small  scale.  They  may  be  encouraged  to 
apply  some  good  farming  practices,  such  as  planting  crops  along  the  contour 
of  the  land.  A record  of  the  plot  may  be  kept  from  year  to  year  or  from 
class  to  class  and  a crop-rotation  system  could  be  worked  out.  The  concept 
of  strip  cropping  could  also  be  worked  out  in  such  a school  garden. 

Arrangements  may  be  made  with  the  county  agricultural  agent  to  come 
to  your  class  and  discuss  some  of  the  problems  and  solutions  to  the  problems 
which  are  being  worked  on  in  the  larger  community.  The  children  should  be 
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prepared  for  his  coming.  They  should  discuss  some  of  the  problems  with 
which  they  are  concerned  and  with  which  the  county  agent  may  be  able  to 
help  them. 

Another  project  which  may  be  undertaken  is  the  reforestation  of  a tract 
of  land  which  is  near  the  school.  Arrangements  may  often  be  made  to  plant 
trees  on  a small  area  of  such  land.  It  need  not  be  an  extensive  project  and 
it  might  be  undertaken  right  on  the  school  grounds.  The  trees  and  directions 
for  planting  them  will  probably  be  supplied  by  the  conservation  department 
of  your  state.  Once  such  an  area  is  started,  it  can  provide  many  more 
opportunities  for  learning  and  pupil  action  and  activity. 

On  page  171  another  type  of  community  survey  is  suggested:  find  out 
what  some  of  the  biggest  uses  of  water  are  in  your  community.  This  probably 
can  be  accomplished  most  directly  by  having  a committee  visit  or  write  to  the 
Water  Department.  You  can  also  get  an  estimate  of  how  much  water  is  used 
each  day.  If  a system  of  private  wells  is  used,  the  information  would  probably 
have  to  be  gathered  by  a direct  survey  by  the  children.  The  children  could 
also  conduct  a survey  in  the  class  to  find  out  how  much  water  is  used  in  each 
household  for  a period  of  a day. 


MATERIALS  NEEDED 

wire  and  wood  to  build  a check  dam. 

grass  seeds 

watering  pot 

pail  of  water 

soil 


THINGS  YOU  CAN  DO 

(See  suggestions  for  children  on  page  187  of  Experimenting  in  Science.) 

1.  You  can  build  check  dams,  plant  a grass  covering,  terrace  the  area,  or  use 
any  other  effective  procedure  which  is  suitable  for  the  area. 

‘2.  Fires  are  usually  caused  by  carelessness  with  campfires  or  matches.  A 
very  small  percentage  of  forest  fires,  probably  less  than  10%  are  started 
by  natural  causes  such  as  lightning.  Debris  left  on  the  ground  in  a forest 
area  is  a contributing  cause  to  fires  and  should  be  cleaned  up. 

3.  Contour-plowing  and  strip -cropping;  the  advantages  of  each  can  be  found 
on  pages  178  and  179  of  Experimenting  in  Science. 

4.  The  letter  should  state  definitely  and  specifically  what  information  is 
desired.  The  pupils  can  arrive  at  this  as  a group  through  discussion. 

5.  One  can  almost  always  find  small  areas  in  which  insidious  erosion  is 
taking  place . 

6.  The  children  might  experiment  with  different  materials  and  ways  of 
building  check  dams. 
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FURTHER  ACTIVITIES 

1.  Make  a study  of  commercial  fertilizers.  Chile  is  a great  producer  of 
nitrates.  Try  to  find  out  if  there  are  any  sewage-disposal  plants  supply- 
ing fertilizers  to  farmers  or  gardeners  in  your  community. 

2.  How  long  does  it  take  a pine  tree  to  grow  from  a seed  to  maturity?  Com- 
pare this  figure  with  that  of  an  oak,  birch,  poplar,  elm,  and  fir. 

3.  Make  a study  of  various  ways  in  which  logs  are  cut  into  lumber.  Visit  a 
lumber  yard.  The  people  there  will  be  able  to  supply  much  information 
to  you.  You  might  write  to  the  American  Forestry  Association.  This 
organization  will  be  happy  to  supply  you  with  much  useful  information 

on  forests  and  lumbering. 

4.  Men  have  built  dams  for  a variety  of  reasons.  For  example,  dams  have 
been  built  to  store  water  so  that  there  will  be  an  abundant  supply  of  water 
when  it  is  needed  for  irrigation  during  the  growing  season  of  plants. 

Make  a study  of  the  various  large  dams  which  have  been  built  throughout 
North  America.  Where  are  they  located?  What  areas  do  they  serve? 

5.  Make  a study  of  the  different  methods  of  land  irrigation.  Flooding  is 
one  type  of  irrigation.  It  is  used  particularly  with  grass  crops.  Furrow 
irrigation,  border  irrigation  and  sprinkling  are  various  types  of  irrigation 
which  you  may  want  to  study.  Make  a mural  showing  each  method  of 
irrigation. 


EVALUATION 

Evidence  of  changed  behavior  and  a greater  concern  for  the  physical 
environment  will  give  you  an  indication  of  the  degree  to  which  this  study  has 
been  effective  and  worthwhile.  Are  your  children  more  aware  of  spots  in 
the  community  that  need  attention  to  protect  the  soil?  Do  they  recognize 
conditions  and  practices  in  the  community  which  are  detrimental  to  the  wise 
and  proper  use  of  soil,  water,  and  wooded  areas?  Do  they  show  evidence 
that  they  are  willing  to  assume  responsibility  for  the  correction  of  such 
conditions  ? 

The  overall  understanding  of  the  basic  principles  of  wise  use  can  best 
be  assessed  during  the  children's  free  discussions.  Current  topics  from 
newspapers,  magazines,  and  radio  reports  of  some  aspect  of  conservation 
often  form  the  basis  for  stimulating  discussions.  During  the  discussions 
do  the  children  look  ahead  and  try  to  see  the  implications?  Do  they  attempt 
to  analyze  the  situation  on  the  basis  of  principles  and  facts?  Do  they  con- 
fine their  discussion  to  what  is  best  rather  than  who  is  right?  To  what  ex- 
tent do  they  seek  more  information?  How  do  they  go  about  finding  this 
information  ? 
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Films: 

Birth  of  the  Soil  — 1 reel  color  (NAS) 

Tells  the  fascinating  story  of  how  nature  produces  our  precious  life- 
giving  topsoil. 

Arteries  of  Life  — 1 reel  color  (NAS) 

Shows  the  role  of  forests  in  storing  and  regulating  the  flow  of  life-giving 
water  to  topsoil  over  large  areas. 

Importance  Of  Water — 1 reel  color  (BF) 

A graphic  portrayal  of  the  effort  which  many  communities  must  make  in 
order  to  secure  and  conserve  an  adequate  water  supply. 

The  Meaning  Of  Conservation — 1 reel  color  and  b/w  (Cor) 

Pictures  what  is  being  done  to  maintain  our  country's  resources  and 
natural  beauty. 

Understanding  Our  Earth:  Soil — 1 reel  color  and  b/w  (Cor) 

Explains  the  soil  profile  (Topsoil,  subsoil,  mantle  rock  and  bedrock) 
and  presents  a visual  breakdown  of  the  elements  of  soil. 

What  Is  Soil?  — 1 reel  b/w  fEBF-IF) 

Through  observation,  the  composition  and  formation  of  soil  is  noted. 

Filmstrips: 

Protecting  Our  Forests  From  Fire  — color  (CurrF) 

Soil  Resources  — color  (CurrF) 

Forest  Resources  — color  (CurrF) 

Water  Resources  — color  (CurrF) 

Mineral  Resources  — color  (CurrF) 

The  Story  of  Underground  Water  — color  (EBF) 

What  Is  Soil?  — b/w  (EW) 

Soil  And  Its  Uses  — color  (EGF) 

Water  And  Its  Importance  — color  (EGF) 

The  Soil—  b/w  (JH) 

Conserving  Water  And  Soil  — b/w  (PDP) 

What  Is  Soil— b/w  (PSP) 

How  Nature  Defends  Soil— color  (SVE) 

How  Man  Destroys  Soil — color  (SVE) 

Water  Conservation  — color  (VS) 
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IX  • OUR  EARTH— A HUGE  MAGNET? 


The  focus  in  this  chapter  is  on  the  earth's  magnetism.  For  centuries 
men  have  used  the  magnetic  compass  as  a guide  in  their  travels  over  the 
earth’s  surface.  The  compass  and  the  principle  of  the  compass  are  used  in 
this  chapter  to  stimulate  and  guide  learning  and  experimentation.  Each 
principle  of  magnetism  that  is  developed  through  demonstration  and  experi- 
mentation is  used  to  help  clarify  the  concept  of  the  earth's  magnetism. 

SCIENCE  MEANINGS  FOR  CHILDREN 

Magnetism  is  a popular  topic  with  children.  It  is  an  area  which  is  well 
adapted  for  child  experimentation.  It  is  a subject  which  is  particularly 
appropriate  to  all  levels  of  the  elementary  school.  Magnetism  is  an  area 
in  which  children  usually  have  had  experiences  beginning  as  early  as  the 
kindergarten  and  many  times  in  the  pre-school  years. ^ The  very  nature 
of  the  subject  permits  learning  and  activities  which  are  appropriate  to  all 
levels  of  development.  The  following  concepts  are  those  which  have  been 
found  particularly  appropriate  with  eleven-  and  twelve -year -olds. 

A compass  is  a device  which  allows  man  to  use  the  earth's  magnetism. 

The  idea  and  invention  of  a compass  is  only  about  800  years  old. 

Man  made  many  discoveries  about  magnetism  before  he  was  able  to 
build  a compass. 

A certain  type  of  rock  called  magnetite  attracts  iron. 

Magnetite  is  a natural  magnet. 

If  it  is  free  to  swing,  one  end  of  a magnet  points  in  the  direction  we  call 
north,  and  the  other  in  the  direction  we  call  south. 

The  needle  of  a compass  is  really  a small  bar  magnet,  mounted  so  that 
it  can  swing  freely  around. 

Both  poles  of  a compass  needle  are  affected  by  a piece  of  iron. 

The  north  pole  of  a compass  needle  is  attracted  by  the  south  pole  of  a 
magnet,  but  it  is  repelled  by  a magnet's  north  pole. 

The  south  pole  of  a compass  needle  is  attracted  by  the  north  pole  of  a 
magnet,  but  it  is  repelled  by  a magnet's  south  pole. 

The  earth  itself  seems  to  be  a huge  magnet;  the  north  and  south  poles 
of  compass  needles  are  attracted  by  the  magnetic  poles  of  the  earth. 

A current  of  electrical  energy  can  produce  the  same  effect  as  a magnet. 

The  earth's  magnetism  is  probably  due  to  the  earth's  rotation  on  its  axis. 

The  earth  has  a magnetic  field,  and  you  live  in  the  earth's  magnetic  field. 


^Navarra,  John  G.  The  Development  of  Scientific  Concepts  in  a Young 
Child:  a case  study  (Bureau  of  Publications,  Columbia  University,  1955). 
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The  magnetic  poles  of  the  earth  attract  your  compass  needle,  even 
though  they  are  thousands  of  miles  distant  from  where  you  live. 

The  sun  affects  the  earth's  magnetism. 

INFORMATION  FOR  THE  TEACHER 

The  compass  forms  an  important  part  of  this  chapter.  Examine  a 
compass.  The  needle  of  the  compass  is  a piece  of  metal,  usually  iron,  which 
has  been  magnetized  and  mounted  on  a point  so  that  it  can  swing  from  side  to 
side.  One  end  of  the  compass  needle  points  toward  the  north  magnetic  pole. 

The  north  magnetic  pole  is  quite  different  from  the  north  geographic  pole. 
The  ends  of  the  axis  on  which  the  earth  turns  are  called  geographic  poles. 
There  is  a north  geographic  pole  and  a south  geographic  pole.  Refer  to  the 
illustrations  on  page  196  of  Experimenting  in  Science  to  see  a map  of  the 
positions  of  each  of  these  poles. 

On  pages  190,  191,  and  192  directions  are  given  for  making  a compass. 

A bar  magnet  is  used  as  the  compass  needle.  This  dramatizes  the  fact  that 
the  needle  of  a compass  is  really  a bar  magnet  mounted  so  that  it  can  swing 
freely  around.  The  end  of  the  needle  which  points  toward  the  north  is  called 
the  north  pole  of  the  compass  needle. 

Children  are  often  confused  when  they  learn  that  opposite  poles  attract, 
and  then  notice  that  the  end  of  the  bar  magnet  marked  "N"  points  to  the  north 
magnetic  pole.  The  reason  for  this  is  historical  rather  than  scientific. 

When  men  first  learned  that  one  end  of  a freely  swinging  magnet  always  points 
north,  they  knew  nothing  of  the  laws  of  magnetism.  They  named  the  north- 
pointing end  the  north  pole  of  the  magnet.  We  now  know  that  opposite  poles 
attract,  but  the  historical  error  still  persists. 

On  pages  193  and  194  the  laws  of  magnetic  attraction  are  developed. 
Essentially,  the  law  of  magnetic  attraction  may  be  stated  as:  like  poles  repel 
and  unlike  poles  attract.  This  means  that  a north  pole  of  a magnet  will  repel 
the  north  pole  of  another  magnet,  and  a south  pole  will  repel  a south  pole,  since 
these  are  like  poles.  But  a north  pole  will  attract  a south  pole,  since  these 
are  opposite  poles.  In  the  illustrations  a bar  magnet  and  a compass  are  used. 
For  a demonstration  before  a large  group  it  might  be  well  to  use  the  compass 
made  from  a bar  magnet  and  wooden  stand  which  is  described  on  pages  190, 

191,  and  192. 

On  pages  197,  198,  199,  200,  201,  202,  and  203  two  different  theories  of 
magnetism  are  developed:  The  molecule  theory  of  magnetism  and  the  electron 
theory  of  magnetism.  The  electron  theory  is  essentially  a further  develop- 
ment and  refinement  of  the  molecule  theory.  The  molecule  theory  developed 
an  explanation  on  the  basis  of  molecules  alone.  The  electron  theory  deals  with 
the  atom  and  the  electrons  which  make  up  the  atom. 
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Essentially,  the  scientists  who  developed  the  molecule  theory  of  magnet- 
ism said  that  each  iron  atom  was  a very  tiny  bar  magnet.  In  this  theory 
each  of  the  tiny  molecule  magnets  would  have  a north  and  south  pole,  just  like 
a large  bar  magnet.  When  the  iron  is  magnetized,  the  tiny  molecule  magnets 
are  arranged  in  order  with  all  the  north  poles  facting  in  one  direction  and  the 
south  poles  facing  in  the  opposite  direction.  An  illustration  of  this  can  be  s 
seen  on  page  198  of  Experimenting  in  Science. 

On  page  200  the  development  of  a new  theory  is  described.  This  theory 
was  developed  because  of  the  discovery  of  new  facts  about  magnetism  and  the 
inadequacy  of  the  old  theory  to  satisfactorily  explain  these  new  discoveries. 
Essentially  these  discoveries  have  to  do  with  the  fact  that  a current  of 
electricity  can  produce  the  same  effect  as  a magnet.  The  directions  for  a 
simple  demonstration  are  found  on  pages  200  and  201  of  Experimenting  in 
Science.  Here  it  is  shown  that  a compass  needle  moves  when  an  electric 
current  flows  above  it. 

The  electron  theory  is  built  essentially  on  two  facts:  (1)  a current  of 
electricity  is  produced  by  moving  electrons;  (2)  a current  of  electricity  can 
produce  a magnetic  effect.  Each  atom  contains  electrons  which  move  around 
the  center  of  the  atom.  Each  electron  also  rotates,  or  spins  on  its  axis, 
while  it  revolves  around  the  center  of  the  atom.  The  motion  of  these  many 
electrons  in  an  atom  produces  a kind  of  electric  current.  Spinning  electrons 
within  the  iron  atoms  can  cause  the  iron  to  become  a magnet  when  most  of  the 
electrons  spin,  or  rotate,  in  the  same  direction.  According  to  the  electron 
theory,  magnetism  is  caused  by  this  motion,  or  current,  of  many  electrons 
spinning  in  the  same  direction. 

There  is  no  complete  explanation  of  the  earth's  magnetism.  There  are 
numerous  theories.  On  page  204  two  theories  are  presented.  The  first 
theory  is  based  on  the  fact  that  the  earth  has  in  it  much  material  which  may 
be  magnetized.  The  hypothesis  is  that  the  core  of  the  earth  is  composed 
of  nickel  and  iron.  Each  of  these  substances  can  become  magnetized.  The 
proponents  of  this  theory  state  that  the  earth's  rotation  has  brought  about  the 
magnetism  of  the  nickel- iron  core,  which  in  turn  is  responsible  for  the  earth's 
magnetism.  The  second  theory  is  based  on  the  production  of  electric  currents 
in  the  earth. 

On  pages  208  and  209,  the  effect  of  the  sun  on  the  earth's  magnetism  is 
described.  There  are  theories  which  state  that  the  earth's  magnetism  is 
due  to  the  sun  rather  than  the  earth.  More  than  likely,  there  are  multiple 
causes  for  the  earth's  magnetism. 

On  pages  205,  206,  207,  and  208  the  concept  of  the  earth's  magnetic  field 
is  developed.  When  an  object  is  attracted  by  a magnet,  it  is  within  the  field 
of  the  magnet.  The  demonstration  with  the  pin  and  nail  on  page  206  develops 
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the  understanding  of  the  invisible  field  of  a magnet  reaching  out  through 
space  to  attract  objects.  The  demonstration  with  the  iron  filings  described 
on  pages  206  and  207  gives  a graphic  representation  of  the  field  which  sur- 
rounds a magnet.  These  demonstrations  are  presented  to  build  toward  a 
feeling  of  the  earth's  magnetic  field,  which  surrounds  us.  We  can  see  the 
effect  of  the  earth's  magnetic  field  through  the  movement  of  the  compass 
needle. 


WAYS  OF  WORKING  WITH  CHILDREN 

Throughout  the  study  of  magnetism  a feeling  should  emerge:  Here  is  a 
force,  here  are  concepts,  about  which  all  is  not  known.  There  will  probably 
be  many  new  discoveries,  many  refinements  and  revisions  of  these  concepts 
during  the  lives  of  your  children.  And  yet  children  can  learn  about  this 
force  and  this  phenomenon.  They  can  discuss  it,  they  can  experiment  with 
it,  and  they  can  begin  to  evaluate  the  various  theories  and  explanations. 

Above  all,  we  should  want  the  children  to  feel  that  science  is  not  something 
alien.  It  is  something  close  to  them  and  with  which  they  have  a certain 
familiarity.  It  was  out  of  such  a feeling  that  the  chapter  "Our  Earth—A 
Huge  Magnet?"  was  constructed. 

The  authors  feel  that  this  indicates  an  important  way  of  working  with 
the  children:  There  should  be  ample  time  to  discuss  the  pros  and  cons  of 
different  questions  which  arise.  As  you  will  note,  in  most  cases  two  ex- 
planations or  theories  have  been  indicated.  With  reference  to  the  earth's 
magnetism,  children  could  be  stimulated  to  evaluate  and  discuss  each  of 
these.  They  would,  of  course,  need  to  do  additional  research  and  reading. 
This  could  lead  to  individual  reports  as  well  as  many  valuable  group  dis- 
cussions during  which  ideas  would  be  propounded  and  clarified.  It  would 
also  give  the  teacher  an  important  indication  of  the  way  individual  children 
are  progressing  in  the  handling  of  ideas  and  information. 

The  molecule  theory  of  magnetism  and  the  electron  theory  of  magnetism 
can  be  used  to  illustrate  the  growth  of  scientific  ideas.  A group  of  children 
may  be  interested  in  developing  this  into  a special  project.  They  may  wish 
to  trace  the  way  some  ideas  and  theories  have  changed.  One  of  these  reports 
could  deal  with  the  creation  of  new  man-made  elements.  This  would  tie  in 
with  the  concept  of  the  atom  which  is  developed  in  the  theories  of  magnetism 
in  the  text.  Such  a report  would  probably  touch  on  the  work  of  the  early  al- 
chemists as  well  as  the  current  work  going  on  with  the  atom  and  atomic 
energy.  Much  new  material  on  this  subject  is  being  written  for  children. 

We  can  expect  a great  deal  more  in  the  future. 

Throughout  this  chapter  there  are  many  experiments  and  demonstrations. 
There  are  some  which  you  may  want  to  do  with  the  group  as  a whole.  Others 
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may  first  be  undertaken  by  small  groups  and  then  performed  by  them  for  the 
group  as  a whole.  For  example,  the  compass  described  on  pages  190  and 
191  may  first  be  constructed  by  a small  group  and  they  in  turn  may  demon- 
strate it  to  the  larger  group. 

Encourage  the  children  to  develop  variations  of  the  experiments.  For 
example,  the  principle  of  the  compass  may  also  be  shown  by  magnetizing  a 
darning  needle,  thrusting  it  through  two  small  corks,  and  floating  this  in  a 
bowl  of  water.  The  cork  which  points  toward  the  north  could  be  marked  with 
an  "N";  the  cork  which  points  toward  the  south  could  be  marked  with  an  "S". 
As  you  can  see,  this  is  a crude  type  of  compass.  On  page  199  of  Experiment- 
ing  in  Science  you  will  find  directions  for  stroking  a nail  to  make  it  a magnet. 
You  can  apply  these  same  directions  to  magnetize  the  darning  needle. 


MATERIALS  NEEDED 


copper  wire 
dry  cell 

small,  straight  pin 
iron  filings 
hammer 
knitting  needle 
2 darning  needles 
corks 

glass  tumbler 


compass 
bar  magnets 
horseshoe  magnet 
wooden  stand 
string 

circular  piece  of  paper 
crayon 

a few  iron  nails 

small  horseshoe  magnet  (ten-cent  variety) 


LEARNING  MORE  ABOUT  THE  EARTH’S  MAGNETISM 
(See  page  210  of  Experimenting  in  Science.) 

1.  Use  a 60-penny  nail  if  you  can  get  it.  The  north  pole  of  the  compass 
needle  should  be  attracted  to  both  ends  of  the  nail  before  it  is  struck.  The 
earth's  magnetic  field  will  induce  the  nail  to  become  a magnet  when  it  is 
struck. 

2.  You  might  contact  the  Air  National  Guard  in  your  vicinity.  They  will  be 
more  than  happy  to  supply  a person  to  talk  to  your  group. 

3.  You  are  actually  making  a dipping  needle.  When  you  have  magnetized 
the  knitting  needle,  one  end  of  it  will  repel  the  north  pole  of  a compass 
needle. 


FURTHER  ACTIVITIES 


1.  Wrap  an  insulated  wire  several  times  around  a nail.  Connect  one  end  of 
the  wire  to  a dry  cell.  When  you  connect  the  other  end  of  the  wire  to  the 
second  post  of  the  dry  cell,  electricity  flows  through  the  wire  and  the  nail 
becomes  a magnet.  This  set-up  is  called  an  electromagnet.  When  you 
disconnect  the  wire  the  nail  is  no  longer  a magnet. 

2.  Examine  a doorbell.  You  may  have  to  remove  the  cover.  Do  you  see 
the  two  round  parts  that  look  like  spools  of  wire  ? They  are  really 
electromagnets.  The  wire  is  wrapped  around  soft  iron.  Connect  the 
doorbell  to  a dry  cell  so  that  a circuit  is  formed.  The  electromagnet 
attracts  the  iron  hammer  when  the  electricity  flows  through  the  wire. 
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List  some  other  ways  in  which  electromagnets  are  used.  This  list  would 
include  such  things  as  the  telegraph,  telephone.  Look  up  further  informa- 
tion on  these  topics  and  make  a report  on  your  findings  to  the  class. 

3.  When  you  wear  a watch  near  magnets  or  electrical  machines,  it  will  be- 
come magnetized  if  it  is  not  protected  properly.  You  might  invite  a watch 
repairman  to  your  class  to  talk  to  you  about  how  this  occurs  and  how  a 
watch  is  repaired  when  this  happens. 

4.  A compass  does  not  always  point  true  north.  This  is  due  to  the  fact  that 
the  geographic  north  pole  is  some  distance  from  the  magnetic  north  pole. 
The  difference  in  compass  direction  between  true  north  and  magnetic 
north  is  known  as  magnetic  declination.  The  compass  may  point  east  of 
true  north  or  west  of  true  north.  Study  a map  of  North  America  or  study 
a globe.  Locate  the  magnetic  north  pole.  Locate  the  geographic  north 
pole.  Locate  your  town  on  the  globe.  Your  compass  would  point  toward 
the  magnetic  north  pole.  Does  your  compass  point  east  or  west  of  true 
north.  Invite  a navigator  of  a ship  or  airplane  to  your  class.  He  will 
have  charts  on  the  magnetic  declination  of  places  all  over  the  earth.  Ask 
him  to  explain  how  he  uses  these  charts  to  help  him  navigate.  Maybe  one 
of  the  parents  in  your  school  was  a navigator  or  studied  navigation  while 
he  was  in  the  army  or  navy.  He  probably  would  be  very  happy  to  come 
and  help  you  with  your  questions. 

EVALUATION 

You  might  have  the  children  as  a group  summarize  some  of  the  impor- 
tant learnings  from  this  study.  Have  the  children  express  themselves  in  as 
spontaneous  a way  as  possible.  Sometimes  in  such  informal  groupings  and 
discussions  children  will  participate  who  otherwise  would  not  have  done  so. 

The  meanings  that  the  children  select  need  not  necessarily  be  confined 
to  those  listed  for  this  chapter  in  this  Manual.  The  list  compiled  by  the 
children  might  be  contrasted  with  the  list  in  the  Manual.  The  comparison 
would  probably  supply  you  with  leads  for  directing  further  discussions. 

The  children  in  your  class  might  plan  to  hold  a panel  discussion  on  some 
of  the  important  ideas  in  the  chapter.  Invite  another  class  to  come  in.  At 
the  end  of  the  discussion  the  visitors  could  be  encouraged  to  ask  questions. 
These  questions  will  help  clarify  ideas  for  your  group  as  well  as  the  visitors. 
The  type  of  presentation  the  panel  makes  as  well  as  the  way  they  handle  the 
questions  from  the  group  should  be  noted  carefully.  How  did  they  document 
and  support  their  statements?  Did  they  give  a dogmatic  presentation  or  did 
they  allow  for  the  element  of  uncertainty  that  is  involved  jn  this  topic?  How 
did  the  panel  handle  the  questions?  Were  they  willing  to  say,  in  some  in- 
stances, "I  don't  know"?  Did  they  at  times  say  something  such  as,  "There 
are  a number  of  explanations  for  that"? 

How  does  the  group  react  as  they  listen  to  a panel  discussion?  Are 
they  willing  to  accept  tentative  conclusions?  Do  they  question  certain  state- 
ments? Do  they  ask  whether  certain  conclusions  are  in  agreement  with 
statements  of  authorities?  Do  they  accept  new  ideas  when  they  seem  re- 
liable ? How  do  they  react  when  they  hear  that  two  authorities  are  in 
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disagreement?  Are  they  willing  to  accept  the  idea  that  man  has  much  to 
learn  and  as  a result  has  not  come  to  a final,  acceptable  explanation  of 
many  things  ? 
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Films: 

Magnets — 1 reel  b/w  (YAF) 

Pictures  a few  of  the  simple  and  basic  facts  about  bar  magnets. 
Filmstrips: 

Magnets  — color  (EBF) 

Electricity  — color  (EBF) 

Electric  Magnets  — b/w  (SVE) 

Permanent  Magnets — b/w  (SVE) 

Magnets  — b/w  (YAF) 
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X • MACHINES  TO  DIRECT  ENERGY 


Energy  and  energy  sources  have  always  been  a concern  of  our  culture. 
Man's  success  has  been  based  to  a large  extent  on  his  ability  to  put  energy 
to  use.  Machines  are  the  predominant  factor  in  this  successful  use  of  energy. 
Almost  everywhere  we  turn  we  can  see  ourselves  surrounded  by  machines. 

In  "Machines  to  Direct  Energy"  children  are  helped  to  "see  behind"  the 
machines.  The  historical  development  of  machines  and  their  impact  on  man 
are  discussed  as  well  as  the  basic  principles  of  machines.  The  primary 
focus  is  on  the  six  basic  machines. 

SCIENCE  MEANINGS  FOR  CHILDREN 

All  children  have  observed  machines  and  to  an  extent  have  used  machines 
in  their  play,  work,  and  the  general  activity  of  living.  Each  child  will  bring 
a variety  of  experiences.  The  following  meanings  indicate  some  of  the  direc- 
tions and  concepts  toward  which  you  may  continue  to  guide  them: 

Man  uses  machines  to  do  work. 

The  human  body  is  a machine. 

An  inclined  plane  helps  us  to  move  heavy  objects. 

A machine  makes  work  seem  less  difficult,  but  in  the  end  you  use  the 
same  amount  of  energy. 

A lever  helps  man  concentrate  energy  at  one  spot. 

Man  reduces  friction  by  using  the  sledge  and  the  wheel 

Much  of  our  daily  living  is  affected  by  the  invention  of  the  wheel  and  axle 
as  a machine. 

The  windlass  is  a form  of  a wheel  and  axle. 

The  wedge  has  a double  inclined  plane. 

The  spiral  or  thread  of  a screw  is  similar  to  an  inclined  plane. 

Pulleys  make  work  seem  easier  by  allowing  us  to  spread  the  work  out. 

Man  combines  basic  machines  to  make  complex  machines. 

INFORMATION  FOR  THE  TEACHER 

Most  of  the  materials,  such  as  household  articles,  which  we  use  are  the 
products  of  machines.  There  are  really  only  six  basic  or  simple  machines. 
Other  machines  are  made  of  the  six  basic  machines.  There  are  countless 
numbers  of  the  complex  machines.  Each  serves  a particular  purpose  or 
performs  a particular  job,  but  all  are  combinations  of  the  six  basic  machines. 

The  six  basic  or  simple  machines  are  the  inclined  plane,  the  wedge,  the 
screw,  the  lever,  the  wheel  and  axle,  and  the  pulley. 
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The  inclined  plane  is  merely  a sloping  surface.  A road  winding  around 
a mountainside  and  a ramp  connecting  two  levels  of  different  heights  are 
examples  of  inclined  planes. 

When  a barrel  is  rolled  up  a ramp  into  a truck,  a simple  machine  is 
being  used.  The  ramp  is  an  inclined  plane.  The  ramp  makes  it  easier  to 
get  the  barrel  into  the  truck.  It  might  be  impossible  for  a man  to  lift  the 
barrel  directly  into  the  truck  from  the  ground.  But  by  rolling  it  up  the  ramp 
it  becomes  a job  which  he  can  do. 

The  wedge  consists  of  two  inclined  planes  which  have  been  placed  back 
to  back.  Knives  and  axes  are  wedges.  Examine  a knife  and  you  will  see 
that  it  is  really  two  inclined  planes.  As  a wedge  is  forced  into  an  object,  it 
pushes  the  object  apart. 

The  screw  also  consists  of  an  inclined  plane.  The  thread  of  the  screw 
is  an  inclined  plane  which  travels  around  and  around  up  the  length  of  the  screw. 
Screws  may  be  of  several  different  types,  among  which  are  wood  screws  and 
machine  screws.  The  wood  screw  is  made  of  metal  and  it  has  a pointed  end 
so  it  will  pass  into  wood  easily.  Machine  screws  have  blunt  ends  and  they 
are  used  to  hold  together  metal  pieces.  The  hole  into  which  the  machine 
screw  is  placed  must  be  prepared;  that  is,  the  hole  must  have  a thread  on 
the  inside.  Nuts  may  be  used  on  machine  screws.  As  you  know,  a nut  is  a 
piece  of  metal  with  threads  on  the  inside, 

The  lever  is  a bar  arranged  so  that  it  can  turn  about  a fixed  point  called 
the  fulcrum.  There  are  three  possible  arrangements  of  the  lever.  The  one 
most  frequently  used  in  demonstrations  is  the  arrangement  with  the  force 
and  weight  on  opposite  sides  of  the  fulcrum.  In  the  second  arrangement  the 
weight  is  between  the  fulcrum  and  the  force.  We  must  pull  up  to  move  the 
weight  up.  In  the  third  arrangement  the  force  is  between  the  fulcrum  and 
the  weight.  A boy  lifting  a shovel  of  sand  is  an  example  of  a lever  of  this 
third  type:  the  weight  consists  of  the  sand  to  be  lifted;  the  lifting  force  is 
being  applied  by  his  left  hand  near  the  middle  of  the  shovel  handle;  the 
fulcrum  or  fixed  point  around  which  the  shovel  is  moving  is  at  the  end  of  the 
shovel  handle  which  is  being  grasped  in  his  right  hand. 

Levers  are  a part  of  many  of  things  used  each  day:  scissors,  nutcrackers, 
brooms,  shovels,  wheelbarrows,  can  openers,  crowbars  and  see -saws. 

When  a wheel  is  fastened  to  a rod  in  such  a way  that  the  turning  of  the 
wheel  turns  the  rod,  the  combination  is  called  a wheel  and  axle.  Doorknobs 
and  automobile  steering  wheels  are  examples  of  the  wheel  and  axle. 

The  wheel  and  axle  may  be  thought  of  as  a development  of  the  lever.  The 
spokes  of  the  wheel  are  really  levers  attached  to  the  axle. 

Gear  wheels  are  further  developments  of  the  wheel  and  axle.  Each  gear 
wheel  is  really  a wheel  and  axle.  However,  each  wheel  is  equipped  with  teeth. 
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The  teeth  of  one  wheel  interlock  with  the  teeth  of  the  other  wheel.  This 
arrangement  of  wheels  allows  power  to  be  transmitted  from  one  shaft  or 
axle  to  another  shaft  or  axle. 

A very  common  object  used  in  most  kitchens  will  help  you  understand 
the  principle  of  the  gear  wheel.  Look  at  an  egg-beater  and  you  will  see  an 
arrangement  of  gear  wheels.  There  is  a large  gear  wheel  with  a handle 
attached.  The  large  gear  wheel  interlocks  with  the  smaller  gear  wheels  at 
the  bottom.  When  the  handle  is  turned,  the  larger  wheel  turns  the  smaller 
wheel.  The  beaters  are  attached  to  the  shaft  of  the  smaller  wheels  and  spin 
along  with  the  smaller  wheels.  The  smaller  wheels  turn  much  faster  than 
the  larger  wheels.  The  gear  arrangement  makes  it  possible  to  operate  the 
egg  beater  rapidly. 

The  pulley,  in  its  simplest  form,  is  a wheel  over  which  a piece  of  rope 
is  passed.  The  wheel  may  have  a rim  on  each  side  of  it  to  prevent  the  rope 
from  slipping  off.  As  the  rope  moves  smoothly  over  the  wheel,  the  wheel  turns. 

A single  pulley  fastened  as  in  the  illustration  on  page  230  of  Experimenting 
in  Science  is  called  a fixed  or  stationary  pulley.  With  a single  fixed  pulley 
the  advantage  gained  is  one  of  direction,  that  is,  in  lifting  a flag  you  can  stand 
on  the  ground  and  hoist  the  flag  to  the  top  of  the  pole.  However,  there  are 
pulley  arrangements  called  compound  pulleys  which  help  us  gain  force  at  a 
sacrifice  of  distance.  The  illustration  on  page  231  of  Experimenting  in 
Science  shows  the  simplest  of  these  arrangements.  In  this  arrangement, 
when  the  weight  is  raised  one  foot,  each  of  the  ropes  supporting  it  must  be 
shortened  by  1 foot.  Since  there  are  two  supporting  ropes,  the  free  end  of 
the  rope  held  by  the  boy  must  be  pulled  through  2 feet.  With  this  arrange- 
ment of  pulleys  it  takes  about  half  the  force  to  lift  the  weight  that  it  would  re- 
quire with  a fixed  pulley  alone. 

WAYS  OF  WORKING  WITH  CHILDREN 

The  opening  spread  of  this  chapter  is  filled  with  a variety  of  applications 
of  the  basic  machines  and  combinations  of  these  machines.  Discussion  may 
center  around  the  work  that  is  being  done  and  the  source  which  supplies  the 
energy.  The  machine  in  each  case  is  the  intermediary  or  link. 

The  discussion  of  the  opening  spread  may  lead  to  a preliminary  type  of 
exploration.  The  children  may  be  encouraged  to  make  a survey  of  the 
community  to  find  what  machines  are  being  used.  They  may  visit  building 
sites,  gasoline  stations,  printers*  shops,  machine  shops,  lumber  yards, 
mother's  kitchen,  and  other  places  where  work  is  being  done.  They  could 
compile  a list  of  the  machines  being  used  in  the  community.  Beside  each 
machine  would  be  the  additional  information:  the  work  which  was  being  done 
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and  the  source  which  supplied  the  energy  to  do  the  work.  This  activity  would 
help  to  point  up  the  concept  of  the  machine  as  a link  or  connection  between  the 
source  of  the  energy  and  the  place  where  the  energy  is  to  be  used. 

Beginning  on  page  214  there  is  a brief  historical  treatment  of  machines. 
This  brief  treatment  may  be  extended  by  encouraging  children  to  make  reports 
on  the  development  of  machines  in  our  own  culture.  Comparisons  could  be 
drawn  between  the  19]^  century  and  20yi  century.  What  has  been  the  influence 
of  the  machine  on  our  living,  our  work  as  well  as  our  play?  Some  child  may 
be  interested  in  studying  how  one  particular  product  has  been  improved,  that 
is,  the  automobile.  There  is  a wealth  of  material  on  the  subject.  Our 
modern  kitchens  are  a result  of  the  application  of  machines  to  the  work  to 
be  done.  This  would  provide  another  topic  which  could  be  treated  historically. 
How  has  the  work  in  the  kitchen  changed  during  the  last  fifty  or  hundred 
years?  What  kind  of  machines  do  we  find  in  the  kitchen? 

A good  deal  of  the  emphasis  in  this  chapter  is  on  experimentation.  The 
experiments  described  in  the  chapter,  "Machines  to  Direct  Energy"  are  the 
type  which  the  children  can  easily  follow  and  duplicate.  The  principles  and 
generalizations  will  be  much  more  meaningful  if  the  experiments  have 
actually  been  performed  by  the  children.  Some  of  the  activity  will  be  carried 
out  best  on  a playground  or  other  suitable  outdoor  area.  This  will  involve 
planning  and  discussions,  the  allocating  of  responsibility,  as  well  as  co- 
operation among  the  members  of  the  group. 

The  experiments  have  also  been  selected  so  as  to  provide  for  variations. 
As  the  children  experiment,  they  may  be  encouraged  to  vary  the  experiment. 
For  example,  on  pages  216,  217,  and  218  the  length  of  the  planks,  the  load  of 
the  wagon,  as  well  as  using  different  wagons  are  a few  of  the  variations  that 
may  be  introduced.  This  experiment  as  well  as  the  others  in  the  chapter 
may  be  performed  again  and  again. 

The  children  may  be  encouraged  to  record  the  data.  For  example,  using 
the  5-foot  plank,  load  the  wagon  successively  with  100  lbs.,  80  lbs.,  60  lbs., 

40  lbs.,  20  lbs.  With  how  much  force  do  you  have  to  pull  to  move  the  wagon 
up  the  incline?  They  can  repeat  this  with  the  3-foot  plank  and  make  com- 
parisons among  the  data. 

On  pages  220  and  221  it  is  wise  to  encourage  the  children  to  experiment 
with  the  fulcrum  in  different  positions.  By  using  a large  wooden  box  and  a 
large  2 x 4 as  a lever,  they  can  get  an  even  better  "feel"  that  the  lever  makes 
the  work  easier  to  do.  The  wooden  box  should  be  large  enough  for  a child  to 
sit  in  it.  The  2x4  should  rest  on  a fulcrum.  By  gentle  pressure  on  one 
end  of  the  lever  one  child  can  easily  lift  the  box  in  which  another  child 
is  seated. 

On  page  221  the  spot  pictures  of  the  various  kinds  of  useful  levers  can 
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provide  a good  point  of  discussion.  The  discussion  may  center  around  where 
the  fulcrum  is,  where  the  force  would  be  applied,  and  what  work  can  be  done. 
The  children  may  be  encouraged  to  bring  various  kinds  of  levers  to  school 
and  make  such  an  analysis  for  each  one. 

The  flagpole  outside  the  school  is  a very  convenient  place  to  show  the 
use  of  a fixed  pulley.  Pulleys  for  the  various  experiments  can,  of  course,  be 
purchased  in  hardware  stores  or  other  shops  in  town.  However,  some  very 
simple  types  may  be  made  either  in  the  woodworking  shop  or  right  in  the 
classroom.  Such  activity  is  always  useful  and  provocative.  It  will  help 
with  a clear  understanding  of  the  pulley  as  well  as  stimulate  discussions 
which  can  never  be  fully  anticipated. 

Many  windows  are  lifted  by  a simple  pulley  device.  In  some  windows 
these  pulleys  are  exposed  and  can  be  examined.  Encourage  the  children  to 
find  and  report  other  common  uses  of  pulleys  around  the  house,  school, 
and  community.  Many  clotheslines  are  operated  by  simple  pulley  arrange- 
ments. 

Examination  of  toys  with  which  the  children  play  is  always  a good  idea. 
For  example,  bicycles  can  illustrate  many  principles,  such  as  the  use  of  gear 
wheels  and  the  use  of  belts  or  chains  to  drive  the  wheels.  Many  times  the 
children  will  be  more  familiar  than  the  adult  with  the  operation  of  these 
machines.  Many  wholesome  aspects  of  learning  can  accrue  to  the  teacher 
as  well  as  the  group  by  letting  a well  informed  "Edison"  take  over  for  a while. 


MATERIALS  NEEDED 


wagon 

dirt 

3 foot  board 

5 foot  board 
spring  balance 

3 foot  board  (3  inches  x 3/4  inch) 

6 inch  block  of  wood  (4  inches  x 2 inches) 
some  nails 

2 or  3 bricks 
yardstick 


wooden  base  for  windlass 
2 pieces  of  wood  24  inches  long 
2 discarded  wheels  from  wagon 
broomstick  (about  18  inches  long) 
hammer 

2 pieces  of  wood  to  make  wedges 

screw 

pencil 

paper 

2 pulleys 


LEARNING  MORE  ABOUT  MACHINES 


(See  suggestions  for  children  page  233  Experimenting  in  Science.) 

1.  The  shovel  arm  is  a lever. 

2.  Answer  depends  on  machines  selected. 

3.  In  a pair  of  scissors  the  fulcrum  is  between  the  source  of  energy  and  the 
work  to  be  done.  In  a nutcracker  the  work  to  be  done  is  between  the 
fulcrum  and  the  source  of  energy. 

4.  The  whole  wheelbarrow  is  a lever.  The  fulcrum  is  at  the  wheel.  The 
work  to  be  done  is  between  the  fulcrum  and  the  source  of  energy. 
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FURTHER  ACTIVITIES 

1.  You  might  plan  a visit  to  a garage  or  repair  shop  where  automobiles  are 
repaired.  Arrange  to  have  the  children  examine  a gasoline  engine  which 
has  been  taken  apart  or  is  in  the  process  of  repair.  The  mechanic  will 
be  able  to  answer  many  of  the  questions.  If  you  have  a committee  of 
children  sit  down  with  him  before  the  visit  and  discuss  some  of  the  ques- 
tions they  have  and  also  some  of  the  things  they  would  like  to  see,  the  trip 
can  be  very  profitable  and  illuminating. 

2.  You  might  make  arrangements  with  a railroad  to  have  the  children  shown 
a steam  engine  and  also  a diesel  engine. 

3.  Plan  to  visit  a building  project.  What  machines  do  you  find  being  used? 
Encourage  the  children  to  analyze  the  work  that  is  being  done  and  suggest 
or  think  of  ways  the  jobs  could  be  made  easier  by  employing  simple  or 
complex  machines.  If  there  are  power  shovels,  bulldozers,  and  other 
pieces  of  heavy  equipment  present,  inquire  if  someone  is  available  to 
explain  their  operation.  It  might  be  wise  to  make  arrangements  to  visit 
just  after  work  has  ceased  for  the  afternoon  or  during  a lull.  If  a child 
in  the  class  is  related  to  a contractor  or  someone  in  the  contracting 
business,  it  probably  would  be  wise  to  make  arrangements  for  visitation 
through  such  a person. 

4.  Examine  the  tools  which  are  used  in  the  school  workshop.  What  principles 
of  machines  are  involved  in  the  various  tools?  For  example,  a wrench, 
hammer,  shears,  chisel,  screwdriver  can  all  be  used  so  that  they  involve 
or  employ  the  lever  principle.  An  ax  is  a wedge  on  a handle.  Do  you 

see  pulleys  and  other  sirpple  machines  in  use  on  some  of  the  tools  in  the 
shop? 

5.  Make  a study  of  lubricants.  Large  quantities  of  lubricating  oils  are  used 
to  control  friction.  What  are  some  machines  that  you  know  have  to  be 
oiled?  What  parts  of  your  bicycle  must  you  lubricate?  Why  is  motor 

oil  used  in  an  automobile?  Wherever  there  are  moving  parts  in  machines, 
there  is  probably  a need  for  lubricating  oil  to  reduce  friction. 

6.  Examine  the  brakes  on  a bicycle.  How  do  they  make  use  of  friction?  If 
you  visit  a garage,  ask  the  mechanic  when  he  will  be  working  on  the  brakes 
of  an  automobile . Drop  back  to  see  him  when  he  is  repairing  a set  of 
brakes.  Ask  him  to  explain  how  they  work.  He  will  also  be  able  to  tell 
you  the  difference  between  hydraulic  brakes,  mechanical  brakes,  and 

air  brakes. 


EVALUATION 

This  chapter  provides  much  opportunity  for  group  activity  and  co-operation 
during  experiments.  Some  very  significant  trends  in  the  behavior  of  the  groups 
and  the  individuals  comprising  the  groups  may  be  noted.  The  following  ques- 
tions may  be  kept  in  mind  to  aid  in  the  evaluation  of  their  behavior: 

Did  the  group  plan  well  before  undertaking  the  experiment?  How  did 
they  decide  on  the  materials  and  amounts  needed  to  perform  the  experiments? 

Was  the  group  able  to  carry  through  on  its  own  initiative;  did  they  plan 
and  put  the  plans  into  action?  Was  the  teacher's  intercession  continually 
necessary  to  keep  the  group  on  the  right  track? 

How  were  the  activities  of  the  individuals  in  the  group  co-ordinated? 
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Did  a strong  leader  emerge  or  did  they  arrive  at  decisions  through  discussion? 
Did  they  respect  other  points  of  view? 

How  did  they  gather  their  data?  When  discrepancies  in  their  results 
occurred,  what  did  they  do?  Did  they  repeat  the  experiment?  Were  they 
curious  as  to  the  cause  of  the  discrepancy?  Did  they  consider  every  possible 
side  before  they  drew  a conclusion? 

How  was  the  activity  co-ordinated  among  the  various  groups? 

In  general  the  above  list  deals  with  evaluating  the  behavior  of  the  groups 
and  individuals  during  the  process  of  working  with  the  materials  and  ideas  of 
the  chapter,  "Machines  To  Direct  Energy."  Out  of  this  work  with  the  mate- 
rials and  ideas  should  also  come  a greater  awareness  of  machines  and  what 
they  have  meant  to  our  culture.  Do  the  children  recognize  that  it  has  been 
through  man's  ingenuity  that  our  complex  machines  have  been  created  out  of 
the  six  basic  machines? 
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Films: 

Simple  Machines:  Inclined  Planes—-^  reel  color  and  b/w  (Cor) 

Simple  Machines:  Levers  — reel  color  and  b/w  (Cor) 

Simple  Machines:  Pulleys — reel  color  and  b/w  (Cor) 

Simple  Machines:  Wheels  and  Axles— reel  color  and  b/w  (Cor) 

Illustrations  and  demonstrations  to  apply  the  principles  and  understand 
the  functions  of  simple  machines. 

Simple  Machines  — 1 reel  b/w  (EBF) 

Explains  and  demonstrates  the  six  basic  machines. 

What  Are  Machines? — 1 reel  b/w  (EBF-IF) 

Defines  what  a machine  is,  how  machines  developed,  and  how  machines 
have  changed  our  way  of  living. 

Machines  Do  Work  — 1 reel  b/w  (YAF) 

The  concept  of  Simple  Machines  is  demonstrated  by  the  lever,  the 
inclined  plane,  the  pulley,  the  wheel  and  the  axle. 

Tilmstrips: 

Machines  — color  (EBF) 

Machines  For  Daily  Use — color  (EGF) 

Simple  Machmes — b/w  [SVE) 

Simple  Machines — b/w  (YAF) 
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XI  • THE  EARTH'S  AIRWAYS  AND  BEYOND 


The  concepts  of  the  space  above  the  ground— from  the  earth's  surface  to 
the  moon  and  beyond — and  man's  travel  through  this  space  in  balloons, 
dirigibles,  airplanes,  helicopters,  "jets",  and  rockets  form  the  basis  of  this 
chapter.  The  basic  principles  of  flight  through  the  air  are  developed  through 
simple  demonstrations  and  experiments.  The  concept  of  airways  is  intro- 
duced to  give  a feeling  for  air  travel  and  time.  Problems  of  space  travel  as 
they  have  been  met  and  as  they  may  be  met  are  introduced  with  a promise  of 
greater  journeys  into  space. 

SCIENCE  MEANINGS  FOR  CHILDREN 

The  fact  of  air  transportation  and  the  concept  of  air  travel  influence 
each  of  us  each  day.  Children  are  curious  about  air  travel  and  if  we  take 
the  time  find  that  they  have  a tremendous  reservoir  of  information  about 
air  and  space  and  travel.  They  are  surrounded  by  many  sources  of  informa- 
tion. Much  of  it  is  fictional.  There  are,  of  course,  inaccuracies  in  much 
of  the  information  that  comes  to  children.  The  following  meanings,  which  are 
developed  in  this  book,  are  designed  to  provide  a basic  and  reliable  source  of 
information  about  some  of  the  most  common  and  challenging  concepts  of  air 
travel  as  we  know  it  today  and  as  it  may  be  in  the  future. 

Balloons  are  able  to  rise  above  the  ground  because  they  are  filled  with 
gas  that  is  lighter  than  air. 

Dirigibles  rise  because  the  gas  which  they  contain  weighs  less  than  the 
surrounding  air. 

The  airplane  flown  by  the  Wright  Brothers  in  1903  was  the  first  aircraft 
which  did  not  depend  on  a lighter-than-air  gas  for  its  lift. 

Some  of  our  present-day  airliners  are  very  heavy.  They  weigh  more 
than  130,000  pounds. 

The  wings  of  airplanes  make  flying,  as  we  know  it,  possible. 

Fast-moving  air  has  less  pressure  than  slow-moving  air. 

A plane  is  pulled  forward  through  the  air  by  its  propellers. 

A jet  plane  is  pushed  forward  as  expanding,  hot  gases  escape  from  the 
rear  of  tlie  jet  engine. 

Some  jet  planes  have  travelled  faster  than  sound. 

Four  forces  act  on  a plane  in  flight:  thrust,  lift,  gravity,  and  drag. 

From  north  to  south,  east  to  west,  airways  link  our  cities. 

Helicopters  have  moving  wings. 

The  higher  we  go,  the  less  oxygen  there  is  in  the  air. 

Our  bodies  need  a certain  amount  of  oxygen  to  remain  healthy 
and  active. 
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At  heights  above  20,000  feet  special  oxygen-supplying  equipment  is  needed. 

Pilots  who  fly  in  aircraft  above  10  miles  wear  special  flying  suits. 

Gasoline  engines  and  jet  engines  will  stop  operating  at  high  altitudes 
because  of  a lack  of  oxygen  to  burn  the  fuel. 

Rocket  engines  carry  their  own  oxygen  supply. 

Fuels  are  being  developed  to  give  greater  power  to  rockets. 

Heat  is  a real  problem  in  space  travel. 

Many  problems  arise  with  each  new  step  in  space  travel. 

INFORMATION  FOR  THE  TEACHER 

One  of  the  most  important  concepts  which  run  through  this  material  is 
the  shrinking  size  of  the  earth  in  terms  of  time  required  to  move  from  one 
portion  of  the  globe  to  the  other.  This  is  the  theme  of  the  opening  spread 
and  the  material  on  page  235.  This  theme  is  also  developed  on  pages  246 
and  247.  Each  airway  on  the  map  of  North  America  is  marked  with  a certain 
number  of  hours.  The  global  map  is  marked  in  the  same  way.  It  is  impor- 
tant to  remember  that  the  flying  times  indicated  on  these  maps  are  subject  to 
changes  almost  from  day  to  day.  A good  source  of  current  information  con- 
cerning the  flying  times  would  be  the  major  airlines.  Stories  are  carried 
in  newspapers  from  time  to  time  on  the  flying  time  between  various  points. 

The  earliest  type  of  air  travel  which  man  was  able  to  undertake  was 
done  in  balloons.  In  the  late  eighteenth  century  two  Frenchmen  built  a 
balloon  which  was  capable  of  carrying  two  men.  The  lifting  force  for  the 
balloon  came  from  the  fact  that  it  was  filled  with  air  which  had  been  heated 
by  burning  wood.  The  hot  air  in  the  balloon  was  lighter  than  the  surrounding 
cooler  air,  and  thus  the  balloon  rose.  Such  a balloon  would  rise  and  then 
lose  altitude  as  the  hot  air  began  to  cool. 

Present-day  balloons  and  dirigibles  are  based  on  the  same  principle.  A 
gas  lighter  than  air  is  used  to  fill  the  gas  compartment.  Hydrogen  is  the 
lightest  known  gas,  but  it  has  certain  drawbacks.  It  is  highly  inflammable  and 
therefore  dangerous.  Helium  is  a good  gas  to  use  in  these  lighter -than -air 
craft.  Helium  is  only  slightly  heavier  than  hydrogen  and  is  not  inflammable. 

On  page  236  the  distinction  is  made  between  aircraft  lighter  than  air  and 
heavier  than  air.  The  Wright  brothers  built  and  flew  the  first  successful 
heavier-than-air  craft.  Their  original  plane  weighed  approximately  800 
pounds.  This  is  a far  cry  from  the  tremendous  weights  of  present  day-air- 
liners, many  of  which  weigh  more  than  130,000  pounds.  However,  the  prin- 
ciple of  lift  in  each  type  of  a heavier-than-air  craft  revolves  around  the  wing. 
It  is  the  wing  of  a plane  that  makes  flying  as  we  know  it  possible.  This  is  the 
principle  concept  developed  on  page  237.  The  experiment  on  page  238  de- 
velops the  concept  that  fast-moving  air  has  less  pressure  than  slow-moving 
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air.  In  the  experiment  on  page  239  the  concept  of  wing  design  is  related  to  fast- 
moving  air  to  show  how  a wing  provides  lift  for  the  plane . The  illustration  on 
page  237  will  help  with  this  experiment.  It  shows  thatair  moving  over  a wing  has 
a farther  distance  to  travel  than  the  air  under  the  wing . So  the  air  over  the  wing 
moves  faster . The  faster-moving  air  has  a lower  pressure  than  the  slower-moving 
air  below  the  wing.  The  greater  air  pressure  below  the  wing  provides  the  lift. 

On  page  240  the  concept  of  the  propeller  as  a screw  is  developed.  The 
propeller  gives  the  plane  its  forward  thrust  through  the  air.  A plane  with  a 
fixed  wing  must  move  forward  so  that  air  moves  fast  enough  over  the  wing  to 
provide  lift  for  the  plane. 

On  page  241  the  concept  of  propellerless  planes  is  developed.  These 
planes  are  usually  called  jet  planes  because  the  forward  thrust  is  provided 
by  a jet  of  hot  expanding  gases  escaping  from  the  plane's  engine. 

The  concept  of  balance  among  forces  affecting  a plane  is  discussed  on 
pages  243,  244,  and  245.  Gravity  operates  on  all  objects  so  as  to  pull  them 
toward  the  earth.  The  counter  force  designed  to  overcome  this  is  that  of 
lift  which  is  provided  by  the  wings  of  the  plane.  In  order  to  keep  a plane  in 
the  air  the  lifting  force  must  be  greater  than  the  gravitational  force  operating 
to  pull  the  plane  to  the  earth.  Thrust  is  the  name  given  to  the  force  which 
propels  a plane  forward.  The  counter  or  opposing  force  is  called  drag. 

Just  as  its  name  implies,  this  is  the  force  that  tends  to  hold  the  plane  back 
or  makes  it  difficult  to  move  the  plane  through  the  air.  Drag  is  the  result 
of  friction  between  the  plane's  surface  and  the  air  through  which  it  is  moving. 
The  flight  of  the  plane  is  controlled  by  careful  balancing  between  these  four 
forces. 

The  section  on  helicopters  beginning  on  page  248  is  designed  to  be  pro- 
vocative as  well  as  informative.  The  concept  of  the  helicopter  as  a type  of 
aircraft  which  has  moving  wings  is  developed.  The  material  on  the  heliports 
can  provide  an  important  point  of  departure  for  discussion. 

On  page  250,  we  begin  our  journey  into  outer  space.  This  concept  is 
approached  through  some  of  the  problems  which  must  be  met  as  man  journeys 
into  space.  Oxygen  to  keep  the  human  body  alive  is  of  prime  importance. 

The  lack  of  oxygen  in  outer  space  presents  a problem  of  engine  design  too. 

This  problem  is  being  met  through  continued  development  of  rocket  engines. 


WAYS  OF  WORKING  WITH  CHILDREN 

Simple,  illustrative  experiments  and  demonstrations  provide  an  oppor- 
tunity for  small  group  activity.  Certain  groups  may  wish  to  take  the  initiative 
in  performing  the  experiments.  They  may  act  as  group  leaders  in  aiding 
others  to  perform  the  experiments. 
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A committee  of  children  may  undertake  to  write  to  or  visit  a commercial 
airline  to  procure  information.  Many  times  excellent  diagrams  of  planes, 
maps,  and  other  material  may  be  secured  in  this  manner.  Such  a committee 
may  also  make  preliminary  arrangements  for  a field  trip  to  an  airport. 

One  can  often  locate  a person  in  the  community  who  holds  a pilot's  license. 
Usually  such  a person  is  only  too  willing  to  serve  as  a resource  person  for 
your  group.  The  children  can  learn  a great  deal  about  the  practical  end  of 
flying  from  such  a person.  Another  type  of  resource  person  is  one  who  has 
served  with  the  Air  Force.  Insights  concerning  military  aviation  can  be 
provided  by  such  a person. 

Many  airplane  manufacturers  supply  material  on  their  products.  This 
material  can  be  very  useful  as  an  additional  source  of  information.  Special- 
interest  groups  or  a committee  may  undertake  to  write  to  the  manufacturers 
and  secure  this  material. 

The  children  should  be  encouraged  to  secure  current  information  concern- 
ing air  travel,  as  well  as  space  travel,  from  the  newspaper,  radio,  and 
television  reports.  These  sources  will  be  especially  important  with  respect 
to  pages  246  and  247  of  Experimenting  in  Science.  The  travel  time  between 
the  cities  listed  on  the  map  on  page  246  will  decrease  as  the  flying  speeds 
increase. 

The  section  on  helicopters  can  provide  for  very  stimulating  discussion 
and  research.  The  helicopter  is  coming  into  its  own.  The  heliport  has  many 
advantages  over  conventional  airports.  You  might  raise  such  a topic  for  the 
group  to  discuss  and  look  into.  Much  material  can  be  found  on  potential 
uses  for  the  helicopter.  Information  of  this  nature  will  be  supplied  by  heli- 
copter manufacturers.  Many  airlines  are  considering  instituting  helicopter 
service  for  short  trips  up  to  250  miles.  If  this  were  to  happen,  it  would 
revolutionize  our  concept  of  transportation. 

Much  of  the  information  children  are  getting  concerning  space  travel  is 
fictional  and  inaccurate.  The  section  beginning  on  page  250  attempts  to  take 
a realistic  look  at  a few  major  problems.  This  section  can  be  extended  by 
discussion  and  research  on  the  part  of  the  children.  They  may  want  to  look 
into  some  of  the  notions  of  space  travel  which  are  current  in  television  and 
radio  programs  and  science  fiction.  They  can  be  encouraged  to  take  a 
realistic  look  at  these  notions.  Above  all  they  should  be  encouraged  to 
question  these  sources  and  to  look  for  reliable  information.  They  will  begin 
to  see  that  the  truth  is  as  fascinating  and  challenging  as  the  fiction  which 
permeates  much  that  is  being  put  before  them. 

The  children  may  undertake  to  make  a chart  of  some  of  the  ideas  which 
they  have  found  concerning  space  travel  in  a survey  of  radio,  television,  and 
the  movies.  The  chart  should  also  contain  an  evaluation  of  the  information. 
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Is  it  accurate?  If  it  is  not,  in  what  way  is  it  inaccurate?  On  what  do  they 
base  their  analysis?  As  you  can  see,  such  an  undertaking  will  entail  a good 
deal  of  research  and  original  work  on  the  part  of  the  children.  Such  an 
undertaking  can  be  challenging  as  well  as  rewarding. 


MATERIALS  NEEDED 

2 pieces  of  paper  (6-inches  square) 

2 pencils 

a soda  straw  for  each  child 
paste 

piece  of  paper  (2-inches  wide  and  6-inches  long) 

wooden  stand 

screw 

screwdriver 

balloon 


LEARNING  MORE  ABOUT  FLIGHT 
(See  page  255  of  Experimenting  in  Science.) 

1.  This  information  can  be  found  in  encyclopedias  and  biographies  about 
each  of  these  people. 

2.  A field  trip  should,  of  course,  be  carefully  planned.  Preparation  for  the 
trip  should  include  a discussion  of  what  the  children  want  to  see  and  do  at 
the  airport.  They  may  want  to  see  the  inside  of  a plane,  the  instrument 
panel,  the  weather  station  at  the  airport,  to  become  familiar  with  the 
various  parts  of  a plane  etc. 

3.  Transportation  would  be  less  rapid. 

The  size  of  our  earth  is  shrinking. 

Barriers  such  as  mountains  no  longer  isolate  a people  or  a nation. 

Much  of  our  goods  and  products  are  shipped  by  air. 

Crops  can  be  dusted  by  low-flying  planes. 

Fire  fighters  can  be  dropped  in  any  part  of  a forest  quickly  to  fight  fire. 

A much  greater  and  more  detailed  list  can  be  developed  through  ample 
and  adequate  discussion  by  your  children.  The  above  list  is  only  suggestive 
of  some  points  which  you  may  use  to  stimulate  discussion. 

4.  You  might  encourage  some  of  the  children  to  bring  models  to  school. 

They  may  have  constructed  them  at  home.  Many  boys  will  have  gasoline 
models  and  gliders.  These  children  can  act  as  resource  people  for 
your  group. 

FURTHER  ACTIVITIES 

1.  Have  the  children  do  research  on  balloons  and  dirigibles.  Balloons  are 
used  to  get  information  on  the  upper  atmosphere.  What  are  some  other 
uses  of  lighter- than-air  craft?  You  might  also  encourage  the  children 
to  search  out  some  of  the  reasons  balloons  and  dirigibles  have  never  been 
adopted  as  general  means  of  transportation.  Dirigibles  have  an  interest- 
ing history.  Many  disasters  centered  around  dirigibles  during  the  1920 *s 
and  30 's. 

2.  An  interesting  mural  can  be  constructed  depicting  the  history  of 
aviation  from  the  earliest  attempts  to  imitate  the  flight  of  birds  to 
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balloons,  dirigibles,  the  first  heavier-than-air  craft,  to  the  rocket-powered 
aircraft  of  today. 

3.  Some  students  may  wish  to  study  airplane  design.  They  can  show  by  pic- 
tures, drawings,  and  photographs  how  airplanes  have  been  designed  to 
overcome  drag.  They  can  contrast  early  planes  with  a more  recent 
streamlined  aircraft. 


4.  A group  of  students  may  undertake  to  make  a report  on  various  methods 
of  navigating  a plane.  The  pilot  can  fly  by  (1)  dead  reckoning  (2)  radio 
navigation  (3)  celestial  navigation.  These  methods  are  described  in 
Flight  Today  and  Tomorrow  by  Margaret  O.  Hyde. 


5. 


Three  important  control  devices  on  a plane  are  the  rudder,  elevator,  and 
ailerons.  Construct  a model  airplane  which  will  illustrate  how  these 
parts  work.  The  model  should  show  that: 

(a)  the  rudder  turns  the  plane. 

(b)  elevators  make  the  plane  nose  up  and  down. 

(c)  ailerons  tilt  the  plane  to  the  right  and  left. 


6.  Rockets  have  a long  history.  The  Chinese  were  probably  the  first  to  build 
a rocket.  The  first  rocket  was  built  more  than  700  years  ago.  Rockets 
have  been  used  in  many  countries  and  for  many  different  purposes.  In 
the  18th  century  they  were  used  in  India  against  the  British.  Since  that 
time  they  have  been  used  by  almost  every  army.  The  U.S.  Bazooka,  the 
German  V-2,  and  the  Douglas  Skyrocket  are  all  rockets  in  principle. 

Much  interesting  material  can  be  gathered  concerning  the  history  of 
rocket  developments  as  well  as  the  way  rockets  are  playing  an  important 
part  in  space  travel. 


EVALUATION 

The  process  of  evaluation  should  give  us  a means  of  appraising  the 
effectiveness  of  the  experiences  the  children  have  had.  One  of  the  stated 
objectives  of  this  chapter  has  been  the  providing  of  a reliable  source  of 
information  concerning  some  common  challenging  concepts  of  air  travel  as 
we  know  it  today  and  as  it  may  be  in  the  future.  A test  of  the  effectiveness 
of  the  child’s  study  of  this  material  should  be  whether  he  questions  erroneous 
and  fictitious  notions  with  which  he  is  confronted  during  the  course  of  his  ^ 
daily  living.  Is  he  selective?  Does  he  make  judgments  on  the  basis  of 
reliable  information  when  he  has  it  available?  During  discussions  does  he 
challenge  a statement  and  call  for  evidence  or  does  he  accept  ideas  without 
questioning  or  asking  the  source?  When  questions  arise,  do  the  children  go 
to  reliable  sources  for  answers? 

The  use  of  creative  imagination  is  important.  The  section  of  this  chapter 
beginning  on  page  250  which  deals  with  problems  of  space  travel  should  be 
stimulating  in  this  respect.  However,  when  the  children  imagine  and  specu- 
late, do  they  base  their  speculation  on  some  type  of  information  and  evidence 
or  is  it  merely  wild  and  fanciful? 

Have  the  children  gained  in  their  ability  to  raise  significant  questions 
about  a particular  topic  such  as  travel  to  and  from  the  moon?  To 
what  extent  do  they  employ  the  tools  of  research,  such  as  reading,  to 
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find  answers  to  the  questions  they  have  raised,  rather  than  waiting  for  some- 
one to  supply  the  answers  to  them? 

Have  the  children  grown  in  their  ability  to  present  their  ideas  during 
discussions?  Are  they  able  to  say  what  is  right  who  is  right?  If  so — 
this  is  a sign  of  "growing -maturity". 
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Films: 

Air  All  About  Us — 1 reel  color  and  b/w  (Cor) 

Explains  the  use  of  air  pressure  in  suction  cups,  bicycle  and  automobile 
tires,  a car  lift,  and  airplanes. 

Airplanes  and  How  They  Fly  — 1 reel  b/w  (YAF) 

An  elementary  presentation  of  the  principles  of  aircraft  flight  with 
illustrations  of  types  of  modern  planes. 


Filmstrips: 

Airplanes  And  How  They  Fly  — color  (EGF) 
Our  Ocean  of  Air  — b/w  (SVE) 

What  Air  Is-  color  (VS) 

What  Air  Does  — color  (VS) 

What  Air  Pressure  Is  — color  (VS) 

Using  Air  Pressure —color  (VS) 

Air  And  Its  Properties — b/w  (YAF) 
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XII  • MAKING  THE  WORLD  A HEALTHFUL  PLACE 


The  emphasis  in  this  chapter  is  on  community  health.  Some  of  the  major 
problems  of  community  health  are  discussed.  Getting  a supply  of  water  for 
drinking  and  for  a variety  of  household  and  community  purposes  is  indicated 
as  a major  concern  to  a community.  The  efficient  and  safe  disposal  of 
sewage  and  other  wastes  is  another  primary  concern  for  a community  which 
is  to  remain  healthy.  More  and  more  attention  is  being  devoted  to  the  air 
with  which  man  is  surrounded.  So  the  air  we  breathe  is  also  considered  as 
a fundamental  part  of  community  health  in  this  chapter.  Fundamental  recog- 
nition is  given  to  the  fact  that  communities  are  not  all  alike  and  because  of 
this  their  answers  to  the  problems  of  community  health  vary.  To  each  of 
these  problems  several  possible  solutions  are  indicated,  each  of  which. can 
contribute  to  a clean,  pleasant,  and  healthy  community. 

SCIENCE  MEANINGS  FOR  CHILDREN 

A major  concern  of  elementary  school  science  has  to  do  with  behavior. 

We  want  the  children  to  have  a genuine  concern  for  their  environment.  They 
should  be  sensitive  to  the  conditions  of  health  which  surround  them.  A feeling 
of  responsibility  should  grow  out  of  this  concern  for  their  environment.  The 
following  concepts  deal  with  aspects  of  community  health.  Ideally,  the  study 
should  be  one  which  leads  out  to  their  own  community.  These  are  intended  as 
a background  against  which  present  community  practices  may  be  studied 
and  viewed. 

Everyone  must  have  water  for  drinking,  bathing,  cooking,  and  many 
other  purposes. 

All  our  water  supplies  are  the  result  of  rain,  snow,  sleet,  or  hail. 

The  water  which  moves  along  or  collects  on  the  surface  of  the  land  is 
called  surface' water. 

We  should  be  cautious  about  using  surface  water,  because  it  is  easily 
polluted. 

Water  stored  in  the  soil  and  in  certain  layers  of  rock  below  the  surface 
is  called  ground  water. 

We  are  always  looking  for  better  ways  of  collecting  and  storing  the  water 
which  falls  on  the  earth. 

Some  cities  draw  their  water  supplies  from  underground. 

Water  from  artesian  wells  will  usually  flow  to  the  surface  without  the 
need  for  pumping. 

The  presence  of  an  artesian  water  supply  depends  on  very  special  rock 
conditions. 

An  artesian  system  is  like  a huge  underground  reservoir. 
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Our  underground  reservoirs  may  become  one  of  our  most  important 
sources  of  water. 

An  ordinary  well  is  usually  dependent  on  the  amount  of  rainfall  nearby. 

People  who  use  water  from  their  own  wells  should  have  the  water  tested 
from  time  to  time. 

Water  containing  impurities  must  be  made  pure  before  it  is  used  for 
drinking. 

In  many  communities,  all  the  drain  pipes  in  the  city  lead  to  a sewage- 
disposal  plant  where  the  sewage  is  treated  to  make  it  harmless. 

In  many  communities  each  house  disposes  of  its  own  wastes  on  its  own 
property.  The  cesspool  and  the  septic  tank  are  the  two  kinds  of 
private  sewage-disposal  system  usually  used. 

Much  of  our  kitchen  wastes  are  the  remains  of  animals  and  vegetables 
which  were  raised  for  food.  Kitchen  wastes  also  include  the  con- 
tainers in  which  the  food  was  packed. 

Refuse  may  be  disposed  of  by  the  sanitary- landfill  method  or  by 
incineration. 

Impurities  in  the  air  we  breathe  are  a serious  community  problem. 

Man  can  change  his  community  for  better  or  for  worse.  You  have  a 
part  in  building  this  world  I 


INFORMATION  FOR  THE  TEACHER 

The  subject  matter  of  this  chapter  revolves  essentially  around  water: 
having  a pure  water  supply;  getting  it  into  the  home;  using  it  for  drinking, 
washing,  and  preparing  our  foods.  Having  procured  and  used  the  water  for 
these  various  purposes,  we  are  then  led  to  disposal  problems. 

On  page  257  a look  is  taken  at  the  community  as  a whole;  the  problem  of 
water  procurement  and  waste  disposal  is  raised.  Water  procurement  is 
really  a national  problem.  Large  urban  concentrations  place  a terrific 
demand  on  the  available  water.  Great  quantities  of  water  are  needed  in 
rather  limited  areas. 

Cities  located  near  large  bodies  of  fresh  water,  such  as  a lake  or  river, 
have  water  available  in  quantity.  However,  the  water  is  more  than  likely 
unsafe  and  not  fit  for  human  consumption.  The  water  is  usually  polluted  by 
the  very  fact  of  its  being  near  the  city.  The  common  practice  in  the  past 
was  to  dump  wastes  and  raw  sewage  into  any  body  of  water  which  was  con- 
venient to  the  city. 

It  is  frightening  to  consider  that  more  than  half  the  population  of  North 
America  lives  in  communities  that  do  not  have  sufficient  and  wholly-safe  water 
supplies.  We  have  the  means  and  know-how  for  providing  adequate  and  safe 
supplies  of  water  for  every  person  in  every  community.  Steps  are  being 
taken  in  almost  every  state  and  province,  but  truly  adequate  solutions  will 
only  follow  as  the  public  as  a whole  becomes  more  sensitive  to  the  need. 

On  page  259  the  concept  of  the  origin  of  water  supplies  as  the  result  of 


TEACHERS'  MANUAL  • 91 


rain,  snow,  sleet,  or  hail  is  developed.  Implied  in  this  treatment  is  the  fact 
that  water  is  continually  evaporating,  day  in  and  day  out,  from  all  the  bodies 
of  water  over  the  entire  earth.  Water  falls  to  the  surface  of  the  earth  as 
rain  or  some  other  form  of  precipitation.  Then  it  either  flows  along  as 
surface  water  or  sinks  into  the  soil  and  rock  and  becomes  ground  water. 

On  pages  260,  261,  262,  263,  and  264  the  principles  of  utilizing  under- 
ground water  are  discussed.  The  discussion  centers  around  two  types  of 
wells:  the  artesian  well  and  the  ordinary  well.  A simple  demonstration  on 
page  261  illustrates  how  water  rises  in  an  artesian  well. 

A very  important  point  with  reference  to  artesian  supplies  is  made  on 
page  262,  that  is,  an  artesian  system  is  like  a huge  underground  reservoir. 
Three  separate  rock  layers  make  an  artesian  supply  possible.  The  middle 
layer  of  rock  is  porous  and  this  provides  us  with  a ready-made  means  of 
water  storage.  There  is  the  possibility  that  man  can  make  use  of  these 
underground  reservoirs  by  artificially  filling  them,  that  is,  pumping  surface 
water  into  the  rock  layers.  This  would  provide  man  with  an  economical  way 
of  storing  water  until  it  is  needed. 

For  most  cities,  carefully  planned  water  systems  must  be  constructed. 
Water  may  have  to  be  obtained  from  a river,  lake,  or  mountain  stream.  Some 
cities  are  far  from  their  source  of  water.  The  water  may  have  to  be  trans- 
ported through  pipes  a distance  of  one  or  two  hundred  miles. 

Artificial  lakes,  called  reservoirs,  are  built  by  many  of  these  cities  to 
catch  and  store  water  from  a watershed  area.  Los  Angeles,  New  York  City, 
San  Francisco,  and  Jersey  City  are  among  the  cities  which  derive  their  water 
from  reservoirs.  Among  the  cities  that  take  their  water  from  lakes  are 
Toronto,  Detroit,  Milwaukee,  Buffalo,  Cleveland,  and  Chicago.  River  water 
is  another  common  source  of  water  for  cities.  St.  Louis,  Quebec,  Atlanta, 
and  New  Orleans  tap  rivers  for  their  water  supply. 

The  water  derived  from  surface  sources  such  as  rivers,  lakes,  and 
mountain  streams  has  impurities  in  it  and  is  to  varying  degrees  polluted.  It 
certainly  is  not  safe  to  drink  such  water  before  it  has  been  purified.  Many 
diseases  may  be  contracted  from  impure  water.  Among  two  of  the  most 
common  of  these  diseases  are  typhoid  fever  and  dysentery.  Water  purifica- 
tion is  one  major  aspect  of  the  problem  of  maintaining  community  health. 

On  pages  265  and  266  there  is  a description  of  the  way  one  city  purifies  its 
water  to  make  it  safe  to  drink. 

On  page  267  of  Experimenting  in  Science,  the  problem  of  stream,  river, 
and  bay  pollution  is  opened  up.  The  description  centers  around  what  actually 
happened  in  one  town  on  the  east  coast  during  the  space  of  actually  less  than 
thirty  years.  Many  states  now  have  laws  regulating  sewage  disposal  and  by 
this  means  they  are  able  to  set  up  controls  against  stream,  river,  and  bay 
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pollution.  It  is  unfortunate  and  a sad  commentary  on  the  situation  that  many 
cities  have  undertaken  proper  disposal  of  sewage  only  after  threat  of  court 
action. 

A city  sewage-disposal  system  is  described  on  pages  268  and  269  of 
Experimenting  in  Science.  Each  city,  of  course  has  its  sewer  lines  located 
beneath  the  city  streets.  The  drain  pipes  and  sewer  lines  of  each  home  and 
building  are  connected  with  the  sewer  lines  which  run  under  the  city  streets. 
These  sewer  lines  are  all  connected  with  interceptor  lines  which  carry  the 
sewage  to  a disposal  plant.  The  sewage-disposal  plant  described  on  page  268 
is  only  one  type.  There  are  many  different  types,  but  in  principle  they  all 
accomplish  the  same  thing:  effective  treatment  of  sewage  to  make  it  harmless. 

Cesspools  and  septic  tanks  are  described  on  pages  270  and  271  as  effec- 
tive means  by  which  individual  homes  may  dispose  of  sewage. 

Wherever  man  lives,  waste  materials  accumulate.  Much  of  the  wastes 
are  the  remains  of  animals  and  vegetables  which  are  used  for  food.  Con- 
tainers such  as  tin  cans,  bottles,  and  paper  in  which  the  food  has  been  packed 
also  add  to  the  waste.  The  efficient  and  safe  disposal  of  such  waste  material 
is  very  important  to  the  health  of  the  community.  On  pages  271,  272,  and 
273  various  procedures  for  the  safe  disposal  of  such  refuse  is  discussed. 

The  conservation  emphasis  in  the  discussion  of  incinerator  plants  is  an  im- 
portant idea:  the  salvage  of  fats,  fertilizer  material,  paper,  rags,  metals, 
and  glass.  The  emphasis  here  is  in  terms  of  a fuller  use  of  materials. 

The  section  on  pages  274  and  275  deals  with  the  air  we  breathe.  This 
has  become  an  increasingly  important  facet  of  community  health.  We  are 
hearing  a great  deal  about  impurities  and  other  materials  in  the  air  that 
surrounds  us.  Many  respiratory  diseases  and  conditions  of  the  eyes  and 
other  organs  of  the  body  are  probably  due  to  impurities  and  other  contami- 
nating materials  in  the  air.  These  impurities  in  the  air  can  also  affect 
plants  and  animals  too.  An  attempt  has  been  made  to  have  this  section 
informative  but  positive  in  outlook.  Above  all,  the  idea  should  stand  out  that 
man  can  by  positive  action  alleviate  the  menace  of  impurities  in  the  air  that 
surround  us  and  invade  our  bodies. 

WAYS  OF  WORKING  WITH  CHILDREN 

Each  community  is  unique.  Some  major  aspects  of  community  health 
are  discussed  in  this  chapter.  However,  solutions  to  these  problems  can  and 
do  vary.  Preliminary  questions  might  be  raised  with  the  children.  How  do 
we  do  these  things  in  our  community?  What  are  the  safeguards  we  have  in 
our  community?  This  might  very  well  lead  to  a survey  of  the  community  to 
gather  information  on  the  pertinent  problems. 
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(1)  What  is  the  source  of  our  water?  Do  we  get  it  from  a lake,  a river, 

a system  of  mountain  streams,  from  artesian  wells,  or  ordinary 
wells  ? 

(2)  How  do  we  purify  our  water?  How  is  our  water  tested? 

(3)  What  kind  of  sewer  system  do  we  have? 

(4)  How  do  we  dispose  of  our  sewage? 

(5)  How  do  we  make  sure  our  sewage  is  not  a source  of  contamination 

to  humans,  animals,  and  bodies  of  water  in  our  vicinity? 

(6)  How  do  we  dispose  of  our  garbage? 

Each  of  these  questions  could  be  the  focus  for  a major  undertaking  by  a 
committee  or  by  the  whole  class.  The  group  would  have  to  formulate  plans 
concerning  how  they  would  gather  the  information.  The  following  are  some 
questions  which  might  be  raised  as  they  formulate  these  plans:  What  agencies 
could  we  go  to  for  help  in  gathering  this  information?  What  people  in  the 
community  could  be  called  upon  to  act  as  resource  people  for  our  group? 

The  information  could  form  the  basis  for  a mural  or  even  individual  dioramas 
depicting  how  these  problems  are  met  in  your  community. 

The  information  contained  on  page  259  could  form  the  basis  for  a chart 
of  the  water  cycle.  The  chart  could  be  made  with  a local  setting.  Evapora- 
tion could  be  depicted  as  occuring  from  the  bodies  of  water  in  or  near  our 
vicinity.  The  children  might  also  do  some  research  to  find  out  what  the 
average  precipitation  in  your  vicinity  is  for  a year.  They  might  also  attempt 
to  learn  from  the  local  or  state  Weather  Bureau  what  per  cent  of  this  is  rain 
and  what  per  cent  is  snow  and  other  forms  of  precipitation.  How  is  the  pre- 
cipitation distributed  over  the  year?  Does  a lot  fall  during  the  summer 
months?  Are  there  heavy  spring  run-offs? 

If  your  community  has  a sewage-disposal  plant,  you  might  plan  a field 
trip  to  see  it  in  operation.  Possibly  the  chemist  at  the  plant  will  show  you 
some  of  the  tests  which  he  makes. 

You  might  have  a group  try  to  locate  information  on  artesian  supplies. 

The  state  geologist  or  Department  of  Water  Supplies  can  probably  indicate  if 
there  are  any  artesian  wells  in  your  vicinity.  You  might  plan  to  visit  such  a well. 

In  the  previous  section  of  this  chapter  of  the  Manual,  a list  of  cities  is 
given  with  the  source  of  their  water  supplies,  that  is,  lake,  river,  reservoir. 
The  children  might  locate  and  identify  some  of  the  lakes  and  rivers  from 
which  water  is  taken.  They  could  also  secure  information  concerning  the 
watershed  areas  from  which  various  cities  draw  water  by  writing  to  the 
Water  Departments  of  those  cities.  This  information  could  be  entered  on 
a large  map  of  North  America.  This  map  can  be  as  detailed  as  you  and  the 
children  desire  to  make  it.  Detail  as  to  topography  and  other  information 
would  of  course  require  research  on  the  part  of  the  children. 
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On  page  273  it  is  pointed  out  that  a variety  of  materials  can  be  salvaged 
from  refuse.  You  might  have  the  children  keep  a record  for  a period  of  a 
week  or  so  of  the  various  types  of  materials  that  are  thrown  away  at  home, 
in  the  school  cafeteria,  and  a few  other  places  in  town  such  as  a vegetable 
market,  butcher  shop,  factory  etc.  This  type  of  activity  will  point  up  the 
wealth  and  variety  of  materials  which  are  lost  to  us  in  our  garbage  pails 
and  waste  baskets. 

Ample  time  should  be  taken  to  set  up  discussion  groups.  Have  the 
children  go  to  newspapers  and  other  sources  to  gather  information  on  what 
is  currently  being  done  throughout  the  world  on  these  problems.  The  de- 
velopment of  water  sources  is  one  area  in  particular  in  which  information 
will  be  available  in  the  newspapers.  Information  might  also  be  procured  by 
writing  to  the  consulates  of  various  nations  in  this  country.  For  example, 
Afghanistan  is  one  country  in  particular  which  has  a long-range  program  in 
operation  for  the  development  of  water  sources.  Initial  work  on  this  problem 
was  begun  in  that  country  in  the  middle  and  late  1940 's.  The  work  is  still 
progressing.  This  type  of  activity  will  help  the  children  to  get  a broad 
perspective  on  the  problems  involved. 

Another  important  survey  of  the  community  which  children  can  make  is 
one  to  find  out  the  type  of  impurities  which  are  likely  to  be  in  the  air.  The 
local  Board  of  Health  is  a good  agency  to  turn  to  for  help  in  this  matter. 
However,  an  inspection  of  the  community  will  point  up  many  sources  which 
are  pouring  impurities  into  the  air.  Many  impurities  may  travel  into  your 
community  via  air  mass  movements.  Where  does  your  air  come  in  from? 
Are  impurities  coming  to  your  community  from  another  community  which 
is  nearby? 

MATERIALS  NEEDED 
2 large  tin  cans 

piece  of  rubber  tubing  about  3 feet  long 

some  bricks  (6  or  8) 

cork 

clay  or  plasticene 
water 

large-sized  carpet  tack 
can  opener 
small  flowerpot. 

LEARNING  MORE 

(See  suggestions  for  children  on  page  276  of  Experimenting  in  Science.) 

1.  The  pictures  will  depend  on  how  the  water  supply  of  your  community  is 
made  safe.  This  will  require  a study  of  the  community  water  supply. 

2.  Typhoid  and  dysentery  are  two  of  the  primary  diseases  spread  by  water. 
The  bacteria  causing  these  diseases  are  carried  in  impure  water  and 
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enter  our  bodies  when  we  drink  the  water.  A report  on  these  diseases  can 
take  many  different  forms  and  be  as  elaborate  as  the  reporter  wishes  to 
make  it.  For  example,  about  a hundred  years  ago  typhoid  fever  was  a 
great  killer  in  both  urban  and  rural  areas.  Men  studying  this  disease 
found  that  typhoid  bacteria  were  present  in  the  intestines,  and  bladder,  and 
as  a result  in  the  urine  and  feces  of  the  affected  person.  Drinking  water 
became  infected  when  human  wastes  containing  the  bacteria  entered  the 
water.  A great  deal  of  material  is  available  on  water,  its  purification, 
and  the  diseases  carried  and  spread  by  it. 

3.  This  map  will  depend  on  your  community  and  the  quality  of  your  survey. 

A careful  survey  will  give  the  children  an  opportunity  to  put  some  of  their 
information  into  action.  In  most  communities  the  Board  of  Health  is  most 
co-operative  in  such  an  undertaking.  In  many  communities  the  Junior 
Chamber  of  Commerce  sponsors  a Clean-Up  Week;  the  activities  of  the 
class  could  mesh  in  very  nicely  with  such  a campaign. 

4.  The  activities  of  the  World  Health  Organization  are  quite  varied.  They 
have  done  a great  deal  in  the  under-developed  areas  of  the  world  to  raise 
the  health  standards.  Trained  specialists  have  been  sent  into  the  areas 
to  work  with  the  local  people.  A committee  of  children  might  undertake 
to  write  to  the  information  service  of  the  United  Nations  for  a detailed 
account  of  the  undertakings  of  the  World  Health  Organization.  This 
organization  will  supply  information  on  projects  completed  as  well  as 

on  those  presently  being  undertaken. 


FURTHER  ACTIVITIES 

1.  Boil  some  water  for  ten  minutes  or  more.  When  the  water  has  cooled, 
taste  it.  It  will  probably  have  a flat  taste  because  the  air  has  been  forced 
out  of  the  water  during  the  boiling  process.  Pour  some  of  the  boiled  water 
back  and  forth  between  two  glasses.  This  allows  air  to  enter  the  water 
and  is  called  aerating  the  water.  Taste  it  again.  It  will  probably  taste 
much  better. 

2.  Secure  a copy  of  the  health  regulations  which  are  enforced  in  your  town. 
The  local  or  county  Board  of  Health  can  supply  a copy  of  these  regulations. 
How  do  these  regulations  help  to  protect  our  health?  The  school  nurse  or 
school  physician  will  help  you  with  some  of  the  reasons  for  the  regulations. 

3.  Salt  and  other  impurities  are  left  behind  when  ocean  water  evaporates. 
Place  a tablespoonful  of  salt  in  water.  Taste  it.  It  is  salty,  isn't  it? 

Then  place  the  water  in  a tea  kettle.  This  kettle  should  have  a spout. 
Attach  a piece  of  rubber  tubing  to  the  spout.  Cover  this  tubing  with  ice 
cubes.  The  free  end  of  the  tubing  is  placed  in  a glass.  Boil  the  water 
by  placing  the  tea  kettle  on  a hot  plate.  As  the  water  boils,  tiny  drops  of 
water  will  collect  in  the  glass.  The  water  evaporated  from  the  tea  kettle. 
The  vapor  entered  the  rubber  tubing.  The  ice  surrounding  the  tubing 
cooled  the  vapor  so  that  it  condensed  to  liquid  water.  Eventually  all  the 
water  will  evaporate  from  the  kettle.  Examine  the  kettle  and  you  will 
find  that  the  salt  has  remained.  The  water  which  collected  in  the  glass 
does  not  taste  salty.  This  is  somewhat  similar  to  the  evaporation  and 
condensation  which  takes  place  from  bodies  of  water  all  over  the  earth. 
Salts  and  other  impurities  are  left  behind  as  the  water  evaporates  and 
enters  the  air. 

4.  You  can  make  a small  filtering  system.  Use  a quart-sized  tin  can.  Cut 
a round  hole  in  the  bottom  of  the  can.  Place  a piece  of  screening  over 
this  hole.  Over  the  screening,  place  a layer  of  gravel.  The  screening 
is  just  to  give  a base  to  hold  the  gravel.  On  top  of  the  gravel  place  a 
layer  of  sand.  Add  a tablespoon  of  soil  to  some  water  and  mix  it.  Now 
you  have  some  muddy  water.  Pour  the  water  over  the  top  of  the  sand  in 
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our  "filter-bed".  Collect  the  water  that  drips  through  the  bottom  of  the 
"filter  bed."  The  filtered  water  will  have  lost  some  of  its  mud.  However, 
do  not  drink  this  water.  It  will  still  contain  many  harmful  bacteria  which 
were  in  the  soil.  In  the  process  of  making  water  pure,  chemicals  are 
added  to  kill  the  harmful  bacteria. 

5.  Examine  a bottle  of  "Chlorox"  or  other  bleaching  compound.  You  will 
notice  that  it  contains  sodium  hypochlorite.  This  is  a chemical  compound 
containing  chlorine.  On  the  bottle  there  are  directions  for  disinfecting 
drinking  water.  This  can  be  used  as  an  emergency  measure  when  you 
are  not  quite  sure  that  water  is  totally  pure  and  safe.  Thoroughly  mix 
1 ounce  of  Chlorox  to  each  5 gallons  of  water.  Do  this  mixing  in  a glass 
container.  Certain  metals  are  attacked  by  the  bleaching  agent.  The 
disinfectant  kills  the  harmful  bacteria  which  might  be  present.  This  is 
something  like  the  process  by  which  cities  purify  their  water  by  adding 
chlorine  to  it.  Chlorine  tablets  can  also  be  purchased  at  drugstores  for 
the  same  purpose.  Directions  are  given  on  the  container  as  to  the 
quantity  of  water  to  which  the  tablets  must  be  added  and  the  manner  in 
which  they  should  be  added.  All  these  measures  help  kill  the  harmful 
bacteria  which  may  be  contained  in  water  of  whose  purity  we  are  not  sure. 


EVALUATION 

Item  3 under  Learning  More  on  page  276  of  Experimenting  in  Science 
indicates  the  theme  by  which  the  effects  of  the  learning  might  be  evaluated: 

Are  the  children  able  to  translate  these  concepts  into  action?  Do  these  con- 
cepts of  community  health  become  a real  part  of  their  patterns  of  thought 
and  behavior?  Do  the  children  show  an  increased  concern  about  the  health 
aspects  of  their  community?  Do  they  spontaneously  suggest  and  undertake 
small  jobs  which  will  contribute  toward  the  health  of  the  whole  community? 

There  are  many  opprotunities  in  the  study  of  this  chapter  for  the  children 
as  individuals  and  as  a group  to  gather  information  by  actual  survey,  interview 
of  various  people  and  agencies,  and  by  reading  and  research.  Were  they 
successful  in  their  quests  for  information?  Did  they  display  a measure  of 
initiative  in  securing  information?  What  were  some  of  the  good  features  of 
their  procedure  ? What  features  and  methods  do  they  need  to  improve  ? 

During  discussion,  either  free  or  of  the  panel  type,  were  they  sensitive 
to  the  way  this  information  applied  to  their  own  community?  How  well  in- 
formed are  they  about  some  of  the  health  problems  which  are  current  in  their 
own  community?  Do  they  feel  a sense  of  responsibility  for  the  improvement 
of  any  conditions  which  may  exist? 


TEACHERS'  MANUAL  • 97 


BIBLIOGRAPHY 
For  The  Children 


Riedman,  Sarah.  Water  for  the  People.  Schuman,  1952. 

Urell,  Catherine  and  Monnenmacher,  Rosamund.  Big  City  Water  Supply. 
Follett,  1953. 


Films: 

How  We  save  Water  - 1 reel  color  (BF) 

Shows  the  entire  process  of  bringing  water  to  various  users  from  its 
source  in  the  mountains  to  the  faucets  in  our  homes. 


Filmstrips: 

Water  Supply  - color  (BF) 

The  Water  We  Drink  - color  (YAF) 
Community  Sanitation  - color  (YAF) 
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APPENDIX 


MATERIALS  AND  EQUIPMENT  LIST 


The  materials  listed  are  items  that  are  suggested  in  Experimenting  in 
Science  and  the  Manual  for  carrying  out  science  experiences  and  activities. 
The  articles  are  generally  available  in  the  school,  the  children's  homes, 
or  local  stores. 


Balloons 

Blotting  paper,  or  paper 
towels 

Boards,  wide,  3 feet  and 
5 feet  long 
Boxes,  wooden  and 
cardboard 
Bricks,  6 or  8 
Broomstick,  about  18 
inches  long 

Camera 

Can  opener 

Candles 

Cardboard 

Cellophane,  red 

Cellophane  tape,  colored 

Chisel 

Clay,  or  plasticene 
Coal 

Common  pins 
Compass 

Copper  wire,  uninsulated 
Corks,  assorted 
Cotton,  absorbent 
Crayons 

Cut  glass,  or  prism 
Dishes 

Drinking  glasses  or 
aluminum  tumblers 
Dry  cells,  3 fresh  and 
2 used  No.  6's 

Electric  light,  such  as  a 
table  lamp 
Electric  light  bulbs, 
assorted,  including 
several  flashlight 
bulbs 

Field  glasses  or 
binoculars 
Films  for  camera 
Flashlight 

Flowerpots,  assorted 

Geranium  plants,  2 
Globe,  on  a stand 


Globes 

Griddle 

Hammer 

Hot  plate  or  sterno 
Iron  filings 

Jars,  glass,  1 with 
metal  screw  top 

Knife 

Knitting  needle,  steel 
Luminous  sky  charts 

Magnets,  several  bar 
and  horseshoe, in- 
cluding at  least  1 in- 
expensive horseshoe 
magnet  which  may  be 
broken 

Magnifying  glass,  or 
hand  lens 

Marble,  1 piece  highly 
polished 
Marbles,  30 
Measuring  cup 
Measuring  tape 
Microscope 
Mirror,  pocket 
Models  of  airplanes 

Nails,  assorted 
Needles,  including  2 
darning  needles 
Newspapers 
Nut  and  bolt 
Nutcracker 

Pancake  batter 
Pans,  assorted 
Pail 
Paper 

Paper  for  murals  and 
booklets 
Paper  clips 
Papier-mache 
Paste 
Pencils,  2 

Pie  plates,  2 glass  or 
pyrex 


Poster  paints  and 
brushes 
Pulleys,  2 

Rope 

Rubber  tubing,  about  3 
feet  long 
Ruler 

Sand 

Scissors 

Screw 

Screw  driver 
Seeds,  bean,  corn, 
sunflower 
Shoe  boxes 
Sockets,  2 small  por- 
celain for  flashlight 
bulbs 
Soil 

Spring  balance 
Stones,  one  dozen 
String 

Tacks,  assorted 
Tennis  ball 
Thermometers,  3 out- 
door, clinical 
Thumbtacks 
Tin  cans,  2 large 
Toothpicks 

Wagon 

Watering  pot 
Wheels,  2 of  different 
sizes 

Wire,  iron  and  insulated 
copper 

Wire  and  wood  to  build 
a check  dam 
Wire  shears 
Wood,  assorted  pieces, 
including  1 board 
3/4"  X 3"  X 3',  and 
1 block  2"  X 4"  X 6" 

World  map 
Yardstick 
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EQUIPMENT  SUPPLY  HOUSE  DIRECTORY 

Carolina  Biological  Supply  Company,  Elon  College,  North  Carolina.  Living 
and  preserved  materials,  plastic  mounts,  charts,  and  apparatus. 

Central  Scientific  Company,  1700  Irving  Park  Boulevard,  Chicago,  Illinois, 
and  79  Amherst  Street,  Cambridge  A Station,  Boston,  Massachusetts. 
General  equipment:  magnetism,  heat,  light,  hand  lenses  and  reading 
glasses,  copper  wire. 

Chicago  Apparatus  Company,  1735-43  North  Ashland  Avenue,  Chicago,  Illinois. 
General  equipment:  magnetism,  heat,  light.  Aquarium  and  terrarium 
supplies,  living  and  preserved  materials,  charts. 

Fisher  Scientific  Company,  711-732  Forbes  Street,  Pittsburgh,  Pennsylvania, 
and  Eimer  and  Amend,  633-735  Greenwich  Street,  New  York,  New  York; 
in  Canada,  Fisher  Scientific  Company,  Ltd.,  904-910  St.  James  Street, 
Montreal,  Quebec.  General  laboratory  appliances. 

General  Biological  Supply  House,  761-63  East  69th  Place,  Chicago,  Illinois. 
Aquarium  and  terrarium  supplies,  living  and  preserved  materials,  charts. 

New  York  Scientific  Supply  Company,  Inc.,  28  West  30th  Street,  New  York  1, 
New  York.  (Formerly  New  York  Biological  Supply  Company)  Preserved 
and  living  materials,  and  chemicals. 

Southern  Scientific  Company,  Inc.,  Atlanta  3,  Georgia.  General  equipment. 

Ward's  Natural  Science  Establishment,  Inc.,  3000  Ridge  Road  East,  Rochester 
9,  New  York.  Living  and  preserved  materials  and  apparatus,  rocks, 
and  fossils. 

W.  M.  Welch  Scientific  Company,  1515  Sedgwick  Street,  Chicago  10,  Illinois. 
General  equipment. 


DIRECTORY  OF  PUBLISHERS 

Abingdon  Press,  810  Broadway,  Nashville  2,  Tennessee. 

Coward-McCann,  Inc.,  210  Madison  Avenue,  New  York  16,  New  York. 

Thomas  Y.  Crowell  Company,  432  Fourth  Avenue,  New  York  16,  New  York. 
The  John  Day  Company,  210  Madison  Avenue,  New  York  16,  New  York. 

Dodd,  Mead  & Company,  432  Fourth  Avenue,  New  York  16,  New  York. 
Doubleday  & Company,  Inc.,  575  Madison  Avenue,  New  York  22,  New  York. 
Follet  Publishing  Company,  1257  S.  Wabash  Avenue,  Chicago  5,  Illinois. 

Ginn  and  Company,  Statler  Building,  Boston  17,  Massachusetts. 

Harcourt,  Brace  and  Company,  383  Madison  Avenue,  New  York  17,  New  York. 
Harper  & Brothers,  49  East  33rd  Street,  New  York  16,  New  York. 

Holiday  House,  8 West  13th  Street,  New  York  11,  New  York. 

Henry  Holt  and  Company,  383  Madison  Avenue,  New  York  17,  New  York. 
Alfred  A.  Knopf,  Inc.,  501  Madison  Avenue,  New  York  22,  New  York. 

J.  B.  Lippincott  Company,  227-231  South  Sixth  Street,  Philadelphia  5, 
Pennsylvania. 

Longmans,  Green  & Co.,  Inc.,  55  Fifth  Avenue,  New  York  3,  New  York. 

The  Macmillan  Company,  60  Fifth  Avenue,  New  York  11,  New  York. 

McGraw-Hill  Book  Company,  Inc.,  330  West  42nd  Street,  New  York  36, 

New  York. 
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Julian  Messner,  Inc.,  8 West  40th  Street,  New  York  18,  New  York. 

William  Morrow  and  Company,  Inc.,  425  Fourth  Avenue,  New  York  16, 
New  York. 

Oxford  University  Press,  Inc.,  114  Fifth  Avenue,  New  York  11,  New  York. 
Pantheon  Books,  Inc.,  333  Sixth  Avenue,  New  York  14,  New  York. 

Random  House,  Inc.,  457  Madison  Avenue,  New  York  22,  New  York. 

Row,  Peterson  & Company,  1911  Ridge  Avenue,  Evanston,  Illinois. 

Henry  Schuman,  Inc.,  20  East  70th  Street,  New  York  21,  New  York. 
William  R.  Scott,  Inc.,  8 West  13th  Street,  New  York  11,  New  York. 
Charles  Scribner's  Sons,  597  Fifth  Avenue,  New  York  17,  New  York. 

The  Viking  Press,  18  East  48th  Street,  New  York  17,  New  York. 

Frederick  Warne  & Co.,  Inc.,  210  Fifth  Avenue,  New  York  10,  New  York. 
Franklin  Watts,  Inc.,  699  Madison  Avenue,  New  York  21,  New  York. 

Albert  Whitman  & Co.,  560  W.  Lake  Street,  Chicago  6,  Illinois. 


FILM  AND  FILMSTRIP  DISTRIBUTORS'  DIRECTORY 

AIF  Almanac  Films,  Inc.,  516  Fifth  Ave.,  New  York  18,  N.  Y. 

BF  Bailey  Films,  Inc.,  6509  De  Longpre  Ave.,  Hollywood  28, 

California. 

Cor  Coronet  Films,  Coronet  Building,  Chicago  1,  Illinois. 

CurrF  Curriculum  Films,  Inc.,  103  East  40th  St.,  New  York  16,  N.  Y. 

EBF  Encyclopaedia  Britannica  Films,  Inc.,  1150  Wilmette  Ave., 

Wilmette,  Illinois 

EBF-IF  Instructional  Films  Division  - Encyclopaedia  Britannica  Films, 
1150  Wilmette  Avenue,  Wilmette,  Illinois. 

EGF  Eye  Gate  House,  Inc.,  330  West  42nd  Street,  New  York  18,  N.  Y. 

JH  The  Jam  Handy  Organization,  Inc.,  2821  E.  Grand  Blvd., 

Detroit  11,  Michigan. 

KB  Knowledge  Builders,  625  Madison  Ave.,  New  York  22,  N.  Y. 

NAS  National  Audubon  Society,  1130  Fifth  Ave.,  New  York  28,  N.  Y. 

PDP  Pat  Dowling  Pictures,  1056  So.  Robertson  Blvd.,  Los  Angeles  35, 

California. 

PSP  Popular  Science  Publishing  Co.,  353  Fourth  Ave.,  New  York  10, 

N.  Y. 

SVE  Society  For  Visual  Education,  Inc.,  1345  Diversey  Parkway, 

Chicago  11,  Illinois. 

VS  Visual  Sciences,  Suffern,  New  York 

WLF  Wild  Life  Films,  5151  Strohm  Ave.,  North  Hollywood,  California. 

YAF  Young  America  Films,  Inc.,  18  East  41st  Street,  New  York  17, 

N.  Y. 


NATIONAL  FILM  RENTAL  AGENCIES'  DIRECTORY 


A F Films,  Inc.,  1600  Broadway,  New  York  19,  New  York. 

Association  Films,  Inc.,  347  Madison  Avenue,  New  York  17,  New  York; 

Broad  at  Elm,  Ridgfield,  New  Jersey;  79  East  Adams  Street,  Chicago  3, 
Illinois;  351  Turk  Street,  San  Francisco,  California;  1915  Live  Oak 
Street,  Dallas,  Texas. 

Brandon  Films,  Inc.,  200  West  57th  Street,  New  York  19,  New  York. 

The  Bray  Studios,  Inc.,  729  Seventh  Avenue,  New  York  19,  New  York. 
Contemporary  Films,  Inc.,  13  East  37th  Street,  New  York  16,  New  York. 
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Ideal  Pictures  Corporation,  21H  Murray  Street,  Alexandria,  Louisiana;  52 
Auburn  Avenue,  N.E.,  Atlanta  3,  Georgia;  537  North  Howard  Street, 
Baltimore  1,  Maryland;  40  Melrose  Street,  Boston  16,  Massachusetts; 

1558  Main  Street,  Buffalo  8,  New  York;  58  East  South  Water  Street, 
Chicago  11,  Illinois;  125  East  Sixth  Street,  Cincinnati  2,  Ohio;  2010 
North  Lamar  Street,  Dallas,  Texas;  714  18th  Street,  Denver  2,  Colorado; 
2109  Forest  Avenue,  Box  1130,  Des  Moines,  Iowa;  7338  Woodward  Avenue, 
Room  407,  Detroit  2,  Michigan;  1370  South  Beretania  Street,  Honolulu, 
Hawaii;  1402  Locust  Street,  Kansas  City  6,  Missouri;  8826  Olympic 
Boulevard,  Beverly  Hills,  California;  422  West  Liberty  Street,  Louisville 
2,  Kentucky;  23  North  Mulberry,  Mansfield,  Ohio;  18  South  Third  Street, 
Memphis  3,  Tennessee;  1331  North  Miami,  Miami  32,  Florida;  1915 
Chicago  Avenue,  Minneapolis  4,  Minnesota;  233-239  West  42nd  Street, 

New  York  36,  New  York;  4247  Piedmont  Avenue,  Oakland  11,  California; 
704  North  Broadway,  Oklahoma  City,  Oklahoma;  1729  Sansom  Street, 
Philadelphia  3,  Pennsylvania;  915  S.W.  10th  Street,  Portland  5,  Oregon; 
219  East  Main  Street,  Richmond  19,  Virginia;  54  Orpheum  Avenue,  Salt 
Lake  City,  Utah. 

Instructional  Films,  Inc.,  1150  Wilmette  Avenue,  Wilmette,  Illinois;  101 
Marietta  Street,  Atlanta  3,  Georgia;  5745  Crabtree  Road,  Birmingham, 
Michigan;  161  Massachusetts  Avenue,  Boston  16,  Massachusetts;  1414 
Dragon  Street,  Dallas  2,  Texas;  5625  Hollywood  Boulevard,  Hollywood 
28,  California;  202  East  44th  Street,  New  York  18,  New  York;  2129 
Northeast  Broadway,  Portland  5,  Oregon;  P.  O.  358,  Wilmette,  Illinois. 

International  Film  Bureau,  Inc.,  57  East  Jackson  Boulevard,  Chicago  4, 

Illinois. 

Nu-Art  Films,  Inc.,  112  West  48th  Street,  New  York  19,  New  York. 


Printed  in  the  United  States  of  America 


